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ADVERTISEMENT. 


The Committee appointed by the Royal Society to dneet the publication of the 
Philosophical Transactions take this opportunity to acquaint the public t ha t it fully 
appears, as well from the Council-books and Journals of the Society as from repeated 
declarations which have been made in several former Transactions, that the printing of 
them was always, from time to time, the smgle act of the respective Secretaries till 
the Forty-seventh Volume, the Society, as a Body, nevei mterestmg themselves any 
further m their publication than by occasionally recommending the levival of them to 
some of their Secretaries, when, from the particulai circumstances of their affairs, the 
Transactions had happened for any length of time to be intermitted. And this seems 
principally to have been done with a view to satisfy the public that their usual 
meetings were then continued, for the improvement of knowledge and benefit of 
-mankind the great ends of their first institution by the Boyal Charters, and which 
they have ever since steadily pursued 

But the Society being of late years greatly enlarged, and their communications more 
numerous, it was thought advisable that a Committee of their members should be 
appointed to reconsider the papers read before them, and select out of them such as 
they should judge most proper for publication m the future Transactions , which was 
accordingly done upon the 26th of March, 1752 And the grounds of theii choice are, 
and will continue to be, the importance and singularity of the subjects, or the 
advantageous manner of treatmg them; without pretendmg to answer for the 
certainty of the facts, or propriety of the reasonings contained in the several papers 
so pubhshed, which must still rest on the credit or judgment of their respective 

authors. 

It is likewise necessary on this occasion to remark, that it is an established rule of 
the Society, to which they will always adhere, never to give their opinion, as a*Body, 
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Upon any subject, either of Nature or Art, that comes before them And therefore the 
thanks, which are frequently proposed from the Chair, to be given to the authors of 
such papers as are read at their accustomed meetings, or to the persons through whose 
hands they received them, are to be considered in no other light than as a matter of 
civility, m return for the respect shown to the Society by those communications. The 
Jike also is to be said with regard to the several projects, inventions, and curiosities of 
various kinds, which are often exhibited to the Society, the authors whereof, or those 
who exhibit them, frequently take the liberty to report, and even to certify m the 
public newspapers, that they have met with the highest applause and approbation. 
And therefore it is hoped that no regard will hereafter be paid to such reports and 
public notices, which in some instances have been too lightly credited, to the 
dishonour of the Society 
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Adjudication of the Medals of the Boyal Society for the year 1891, 

by the President and Council. 


* 


The Copley Medal to Stanislao Cannizzaro, For Mem.B S, for his Conti lbu- 
tions to Chemical Philosophy, especially for his Application of Avogadro’s Theoiy. 

A Boyal Medal to Charles Lapworth, F B S, for his Beseaiches among the 
Older Bocks of Britain. 

A Boyal Medal to Arthur William Bucker, F B.S , for his Beseaiches on 
Liquid Films, and his Contributions to our Knowledge of Terrestrial Magnetism. 

The Davy Medal to Victor Meyer, for his Researches on the Deteimination of 
Vapour Densities at High Temperatures. 


The Bakerian Lecture, <f On Tidal Prediction,” was delivered by Professor G H 
Darwin, F.B S. 

The Crooman Lecture, '* On the Mammalian Nervous System, its Functions, and 
their Localisation determined by an Electrical Method,” was delivered by Francis 
Gotch, and Professor Victor Horsley, F.B.S. 
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I The Patterns m Thumb and Finger Maries.—On their arrangement into naturally 
distinct classes , the permanence of the papillary ridges that make them, and 
the resemblance of their classes to ordinary genera. 

By Francis Galton, F.R.S 


Received November 3,—Read Novembei 27,1890 


, [Plates 1,2] 

I propose to describe some results of a recent inquiry into the patterns formed by the 
papillary ridges upon the bulbs of the thumbs and fingers of different persons. The 
points upon which I shall chiefly dwell are, the classification of the patterns, their 
permanence throughout life, and the apt confirmation they afford of certain views 
concerning the more important conditions by which the genera of plants and animals 
are determined 

My attention was drawn to the subject nearly three years ago, when preparing a 
lecture for the Royal Institution on “Personal Identification.” (See either the 
‘Journal of the Royal Institution/ for Friday, May 25th, 1888, or ‘Nature/ June 
28th, 1888, in which the poition of the lecture with which we are now concerned is 
printed) 

I would refer to that lecture, as it contains numerous references to the existing 
literature on the subject, and because it formed the starting point from which the 
present inquiry proceeded Two conclusions were strongly impressed on my mind at 
the time when I gave it — 

(1) That although much had been asserted as to the permanence of these markings, 
and though I was then able, through the kindness of Sir W. J Rersghel, to submit 
two instances m proof, the truth of the assertion had never been adequately 

investigated. 

(2) That the method of classifying the markings, which was originated by 
PurkinIe, in his ‘ Commentatio/ dated 1823 (a copy of this rare pamphlet is now 
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in the library of the College of Surgeons), and subsequently adopted by other writers, 
with more or less variation, was not based on a sufficiently good foundation. 

Since then I have steadily pursued the inquiry and found its interests to widen 
considerably as I proceeded They led in many directions, and among others to the 
topic that will be the last discussed 


Data 

The data on which this memon is based are — 

(1) The impressions of the two thumbs of about 2500 persons made for me, at my 
Anthropometric Laboiatory, together with several impressions of the fingers 

(2 ) A small and unique collection of impressions put at my disposal by Sir W J 
Herschel, of which one half were taken many years ago, and the other half were 
taken quite recently from fihe same persons I will speak of these more at length 
when the time comes for using them 

As regards the first set — 

I chose the two thumbs rather than two adjacent fingers on tho same hand, m 
order to obtain data respecting symmetry, on which however very little will be said 
here, and I chose a thumb of each hand, rather than a finger of each hand, because 
the thumb being greater than that of the finger the width of it affords a proportion¬ 
ately larger field for variety of pattern. However, all that will be said about thumb 
marks, applies with but little reservation to finger marks, but with much more 
reservation to those of the toe 

I have myself not studied the latter, but PuRKiNiE states that the patterns of the 
toes are always of that particular sort which I shall define later on, and call a loop. 

Origin oj the Ridges 

I do not attempt to discuss the origin of the papillary ridges, because my 
knowledge is entirely second hand, and it would be presumptuous m me to do so 
It will be sufficient to say that Kollmann’s (A. Kollmann, ‘Der Tastapparat der 
Hand ’ Hamburg and Leipzig, Leopold Yoss, 1883) dissections seem to prove (see 
his figs 19, 20) — 

(1) That each of the papillae (which lie below the cuticle) has two heads, which I 
will symbolise by the fork m the prmted capital letter Y. 

(2.) That the duct of the sudorific glands m passing outwards between the papillae, 
is bound up, as in a bundle, with the adjacent head of each of two neighbounng 
papillae. So that if the sudorific duct is symbolised by the printed letter I, a section 
across the ridges might be symbolised by a row of the letters Y and I printed 
alternately, thus—YIYIYIY. Then the union of the I with the adjacent prongs of 
two Ys forms the foundation of a ridge, and the clefts between the heads of the 
Y’s correspond to the furrows. 
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There is, I believe, no adequate explanation of the fact that the prominences 
through which the ducts issue, on the bulbs of the finger, and m some other parts, 
are strongly disposed to arrange themselves into continuous ridges, and not to form 
isolated craters There is, however, abundant analogy m the animal kingdom of 
external ridges of various sorts running m a variety of spirals and whorls 

Obtaining Impressions 

The impressions m my collection were made by thinly inking a copper plate with 
printer’s ink, by means of a printer’s roller The plate was about eight inches by 
twelve, and fixed to a solid block of wood The thumb was rather lightly rolled on 
the inked plate, not simply pressed upon it, and then rolled on paper Thus the 
impression it left was a cylindrical projection of the whole bulb of the thumb, 
extending nearly from one side round to the other (fig. 8), and including all the 
principal characteristics of the pattern, which a simple impression (see those m 
Plate 2) often does not. The thumbs were easily cleaned by dipping them into a dish 
of turpentme and wiping with a cloth. It is an essential condition for making clear 
impressions that the mk should not lie low down the sides of the ridges The 
furrows should remain quite uninked. I had much difficulty at first m contriving a 
rough and ready method of obtaining good impressions, and do not say that the plan 
just described is the best. But it has acted well for a long tune, and, therefore, it is 
hardly necessary for me to speak here of later experiments to improve it 

Reversal of Patterns, 

Patterns of similar kinds he on the two thumbs in opposite directions. They 
should never be read from right to left, but from outwards, inwards. Consequently, 
in order to make the pattern on the one thumb comparable with that on the other, it 
must be reversed It is convenient to take a duplicate of the impressions upon 
tracing cloth, which shows the reversed pattern when it is viewed face downwards 

Origin of the Patterns. 

The reason why the patterns appear on the bulbs of the thumb and finger is 
apparently to be found m the presence of the thumb nail, which disarranges the other¬ 
wise parallel course of the ridges in the way that is diagrammatically shown m fig. 1 

Here we see that the upper ridges near the tip of the thumb are thrown mto bold 
arches, while the ridges that he below the level of the nail run horizontally There 
is, m consequence, a tendency to leave an interspace, which has somehow to be filled 
up with a scroll work of ridges, and this scroll work constitutes the patterns rs ith 
which we are concerned 

In about one case m thirty, the interspace is avoided by an arrangement like that 
in a, figs. 7 and 9, but this is an unstable form, or it often shows signs of having 

b 2 
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been on the point of breaking into a different pattern, as will soon be explained more 
fully I call these patterns e< Primaries,” because they are the fundamental arrange¬ 
ment from which all the vast varieties of other patterns are lineally descended, and 
in all of which the interspace of which we have spoken exists 



Points of Reference 

Wherever an interspace occurs, two ridges must have diverged in order to make 
room for it There may be a divergence of the ridges on both sides of the interspace, 
as in fig 2, or on one side only, as m figs. 3 and 4 Moreover, just in front of the 
place m the furrow, beyond which the parallel ridges begin to diverge, there are 
always one or more little cross lines, diagrammatically shown in all these figures, 
which cut off a small triangle 

The centres of these triangles form excellent spots or points of reference, though 
doubt may exist as to the exact position m which they should be placed It is easy 
enough to determine their position approximately, and that is all we want. 

Hereafter I shall always call these two points V and W. V being to the outside 
of the thumb, and W to the inside, that is to say, nearest to the rest of the hand. 
They are cardinal points in my classification, and are very useful m constituting 
the two ends of a base line (fig 2) from which measurements may be made and 
bearings taken. 

Reversals 

After the propei letters have been affixed to the points, it does not matter whether 
the pattern we are studying is direct or reversed. There is a curious variety m the 
way in which patterns are apt to be presented. Those on the right thumb are 
reversed forms of those met with on the left The impression is the reversed form of 
the pattern itself. If made on a lithographic stone, it is re-reversed in the print. If 
made on transfer paper and thence put on the stone, it is re-re-reversed m the print. 
This is enough to show the confusion that will arise if the points V and W are not 
lettered, but it by no means exhausts the list of ordinary contingencies. As the 
letters V and W are unchanged m shape when they are reversed, they are convenient 
for the purpose to which they are here applied. 
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Basis of the Classification 

In one respect the divergent lines that bound the pattern admit, in the earlier part 
of their courses, of nine, and only nine, possible variations Draw a line (figs. 5, 6) 
through what appears to be the most central part of the pattern (which we may 
call C), that shall be roughly parallel to the median line of the thumb, and shall cut 


Fig 5 

$ 



B 


Piint of left thumb, or appearance 
of face of right thumb 


Fig 6 
S 

C-V cl wh 

B 

Print of right thumb, or appearance 
of face of left thumb 


the upper boundary of the pattern at S and the lower boundary at B. Consequently, 
S and B, whose positions are very roughly determined, may be taken to represent 
the summit and the base of the pattern Now the ridge m which S is situated 
must, by construction, have come either from Y or from W, or from both There are 
these three, and only these three, alternatives, SY, SW, WSV Similarly, as 
regards the ridge on which B is situated, there are the three alternatives, BY, BW, 
WBY. As any one of the former events may be combined with any one of the 
latter, there are 3 X 3, or nine possible combinations In the pnmanes neither Y 
nor W exist, so they form a class by themselves, making a total of ten classes The 
nine of which we have been speaking aie as follows .— 

X. WSY—WBY IY. SY—BY YII. SW—BW 

IX, SW_BY Y WSY—BY YIII WSY—BW 

HI. SY_BW YI. SY—WBY IX. SW—WBY 


F lg 7 



These, as well as the primary, which is distinguished by the letter a, are drawn m the 
diagram, fig 7. 
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Outlines of the Patterns 

A pattern is quickly analysed by following with a pencil the course of the two 
pair of divergent ridges from V and W respectively (fig 8), or if one of these points 

Fig 8 



is absent, then following those that diverge from the other (see also figs 2, 3, 4) 
As ridges are apt fco bifurcate, to join with others, and also to end abruptly, it is 
necessary to follow a consistent course m such cases. In bifurcations the innermost 
bianch should be followed Whenever a ridge ends, the pencil should stop also, and 
recommence on a new ridge, selecting that which appears to continue the direction of 
the former one m the truest way In case of doubt, the pencil should, as before, 
follow the innermost of the two lines between which the doubt lies. If opposite 
rules to these were imposed, the outline would be much less speedily analysed, and 
be by no means so simple when completed. The sudden transformation of a maze of 
ridges into an orderly pattern by this easy process is truly remarkable. 

I outlined, where a necessary, or otherwise examined, more than 1000 photographi¬ 
cally enlarged impressions with much care, and found, on sorting them, that nearly 
all their patterns fell satisfactorily into one or other of the divisions m fig 9, where 
twenty-five mam divisions are arranged, accordmg to the ten classes already described, 
namely, the primaries and the nine others It must, however, be understood that, m 
sorting the nnpressions, no regard was paid m the first instance to other than essential 
points of difference. After this was done, some little regard was bestowed on 
secondary points, and a few of the species were subdivided by adding the numbers 
1, 2, 3, &c, to their descriptive letter For example, species c is subdivided into 
four groups, c 1, c 2, c 3, c 4, accordmg to the amount of twist of the two belts of 
ridges of which it is composed, and to the presence or absence of a nucleus 

Marked instances of the occasional interpolation of a belt of ridges running from one 
Side to the other through the pattern, and m a more or less tortuous course, occur in 
Class II. and correspond to the forms f, g, Til, h 2. Such a belt often exists, but it 
is usually too narrow or ill defined to be worth regard. A pattern is sometimes 
composed altogether of such a tortuous belt, m which case it would rank along with 
the Primaries m Class a As there are twenty-six letters of the alphabet, and only 
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Fig 9. 



twenty-five of them are used m fig 9, the last letter, 2 , will serve to show that any 
pattern to which it is attached is not one of those m fig 9. 

All the patterns m fig 9, are drawn on the supposition that W lies to the left and 
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V to the right They are therefore those of impressions made by the left thumb, or 
of the ridges themselves as seen on the right thumb. The patterns must be read m 
a leversed sense, such as they would appear m a looking glass, to be applicable to 
impressions from the right thumb, or to the ridges themselves as seen on the left 
thumb. 

* 

Without professing to present a very complete epitome of the varieties, this table, 
(■fig 9) certainly provides a serviceable one, and may be looked upon as a convenient 
first step towards a more elaboiate peiformance (fig 8 would rank in it as j if W lay 
to the left, as e if it lay to the right) 

It must not be supposed that the occurrence of each of these representative 
patterns is equally frequent, such is very far indeed from being the case. The 
proportion of all the cases that falls under each of the ten classes varies between 
1 and 65 per cent About one half of all the specimens are of the pattern shown at 
h 2, which I call a loop> and nearly 25 per cent are of one of those described as c 

It was mentioned that the descent of all the patterns can be traced from the 
primary. The first step m the evolution of the loop is seen m h t, and that of the 
whorls is usually through the loop, as in l 1, l 2, &c., but sometimes it proceeds 
directly 

Nuclei. 

The nucleus of a pattern may be of many varieties, and its form arrests the 
attention. I give a few diagrammatic patterns of the nuclei of whorls (a to e, 
fig. 10 Those of the loops present fewer varieties, the two principal of which are a 
central furrow, f, or a central ridge, g. 


Fig 10. 



a 6 e d e f J 


Exhibited Specimens, 

I exhibit numerous impressions with or without the outlines of the patterns drawn 
upon them, some are photographically enlarged, others are impressed m printer's ink 
on glass, for use in the optical lantern. Besides these I exhibit some of the principal 
ways of making the impiessions, as by first pressing the thumb or finger upon a piece 
of smoked glass, porcelain or mica, and then by transferring part of the soot that 
adheres to the ridges, to paper whose surface is gummed, sized, or varnished. I show 
also, a very convenient pocket apparatus for taking impressions at any time with 
printers' ink I borrowed the main idea of this from Sir W. J. Herschel 

Identifying Patterns . 

In identifying a pattern, we must bear in mind that the thumb which makes the 
impression is not a rigid body of invariable size and shape, but that the patterns it 
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impresses at different times "will vary. If those times are separated by long periods 
of growth or decay, the patterns may become much distorted They may change 
their shape just as the pattern on different portions of the same piece of machine- 
made lace may become variously stretched by wear, or shrunk by wet, or even be torn. 
In comparing the patterns on two such portions, the evidence of their identity would 
chiefly lie m the number of threads that went to the makmg of corresponding parts of 
the pattern of the lace. So, m the impression of the thumb marks, the first point is 
to count the number of ridges that intervene between such points in the pattern as we 
may be able to define with sufficient precision for the purpose. The simplest way of 
doing this for descriptive purposes, would be to mark a few appropriate points on each 
of the patterns m fig. 9 with the letters, A, B, C, &c. Then it would give a clear 
description of the larger peculiarities of a particular pattern, to say that it was of the 
general pattern so and so, and that the number of ridges between A and B, C and D, 
&c., was so and so, respectively. I shall have occasion m this paper to use two 
methods of reference and measurement, which had best be described now 

First, suppose Y and W both to exist (fig 2) Then join VW, bisect it at M and 
draw a perpendicular through M, meeting the upper boundary m T and the lower in I 
Secondly, suppose only Y to exist (fig. 3) In this case the curve must be of the loop 

form, which alm ost always has a well marked axis determined by the direction of the 
upper end of the innermost bend of the loop There is usually quite enough length 
in a straight line of the uppermost portion of the inner bend to indicate the direction 
of the desired axis, which meets the upper boundary of the pattern at A, and the 
lower at I. Let fall a perpendicular from Y on to this axis, cutting it at 0, and 
meeting the opposite boundary at Y 

Thirdly, suppose only W to exist Then proceed just as before, substituting the 
letter W for Y, and calling the point where the prolongation of WO meets the opposite 
boundary, by the letter X instead of Y. 

The cross hues in these three figures will serve the same purpose as the cross lines of 
the compass card marked upon a map In two of the three cases W r is present, which 
letter, since it suggests west, may be designated by the numeral 24, which is the 
number expressing the west point of the compass, N being 0 (or 32), and S bemg 16, 
In the other two cases Y is present By parity of nomenclature Y would always 
be designated by 8 Then T or A, as the case may be, is designated by 0 (or 32), 
and U or I by 16. The intermediate points will be numbered accordingly. This 
nomenclature, it will be observed, serves equally well for the right or left thumb, and 
for either direct or reversed impressions of them 

Identifying Minutiae. 

The patterns on the thumb have just been compared to those on lace which may be 
variously shrunk or stretched, but m which the number of threads that are used to 
form each detail of the pattern remains unaltered The simile may be further 
MPCJCCXCI.—B. 0 
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extended by supposing 1 the thread to have been variously irregular and divided 
Then the position of its several irregularities in respect to the parts of the pattern 
would remain unchanged, although the shape of the piece of lace as a whole may have 
greatly altered 

The minutiae about to be described form minor patterns of their own, quite distinct 
from the larger patterns shown m fig 9 They are chiefly connected with the com¬ 
mencements of interpolated ridges. At or about a particular spot m the pattern two 
ridges that had previously run m paiallel and adjacent courses are replaced by three 
ridges (fig 11) This is the main fact to be noticed. The particular way m which 


Pig 11 



the two ridges seem to have been converted into three is by no means so important, 
because its appearance is often false and misleading The conversion may have been 
affected either by a new ridge arising between two others which diverge so as to yield 
place to the intruder, as m fig. 1 let, or else by one of the two ridges bifurcating, as 
m b and c 

But grave difficulties not unfrequently arise m distinguishing between these 
three cases. One impression may show one form, and another impression taken 
immediately afterwards from the same thumb may show another. The reason is 
that the ridges are not of a uniform height and that the head of the fork is often low, 
and fails to leave its mark on one of the prints, though it does so on the other Thus 
neither of the two cases b and c admits of being certainly distinguished from a. This 
kind of difficulty is frequent where a ridge momentarily divides so as to enclose a 
small crater as m d. One lip of the crater may leave no mark, and the impression of 
d might have the appearance either of e or of f Similarly as regards islands, as m 
g , A, and i 

These remarks are intended as a caution against placing too much trust m the 
specialities of these appearances, though usually the distinction between a fork and 
the beginning of a new ridge is clear enough. 

Persistence of Patterns, 

I submit the impressions in Plate 1 m justification nf the conclusions to be drawn 
from them. They were all furnished to me by the kindness of Sir W. J. Herscjhel, 
who, when employed m the Indian Civil Service m Bengal many years ago, intro¬ 
duced m his district the practice of taking impressions from the first two fingers of the 
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nglit hands of witnesses and others as a check against personation. I also possess 
photographs of some other impressions besides those m Plate 1, taken from other 
fingers of some of the same persons, and which tell a similar tale. 

Each of the eight double sets m Plate 1 consists of two impressions of the same 
digit of the same person, taken at the beginning and end of a long interval of years 
In six of the eight double sets the impressions are those of two different fingers of 
three different persons. In the lemainmg two the impressions are of one finger of 
two different persons The entry 1 r means the forefinger of the right hand, 2 r its 
middle finger, 3 r its third finger. The cases 1 and 2 refer to a youth who was a 
child of seven and a half years old when the first impression was taken, this was 
nine years previous to the second impression The remaining six cases refer to four 
men who were adults when the first impression was taken, and this occuired at 
a period varying between twenty-eight and thirty-one years before the second 
impression The photographs of all these impiessions are enlarged to twice their 
natural size for the greater convenience of reference, and every point suitable for 
comparison m each pair of impressions has been examined and noted m Plate 2 It is 
rare that the one impression presents quite the same portion of the pattern as its 
fellow Also it occasionally happens that a portion of one impression is blotted or 
otherwise too imperfect to allow of fair comparison with the corresponding portion of 
the other. Subject to these necessary restrictions every fork, junction, ciater, or 
island m each impression has been noted, and m every single case has been found to 
occur m both the members of the same pair, subject only to the reservations previously 
made, that is to say, what appears as a fork in a first impression sometimes appeals 
as the independent interpolation of a new ridge in the second, or vice versd. I have 
m these cases reckoned it as being of similar appearance m both, and have marked it 
with the same symbol m both of the skeleton charts, viz, by a fork or by a dot, 
selecting between the alternative symbols the One that appeared on the whole to be 
most suitable. 
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Age at date 
of fast 
impression 
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first 

impression 
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No of 
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and ends of 
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forks and 
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1 
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1881 
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9 

19 

14 

33 

2 

AE.H 

3 r 

n 
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9 

18 

18 

36 

3 

NHT 
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28 

16 

11 

27 

4 
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17 

19 

36 

5 
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28 

27 

28 

55 

6 

RF.H 

2 r 

adult 

1859 
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31 

10 

17 

27 

7 
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thumb r 

adult 

1860 
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30 

18 

32 

50 

8 

W.J.H. 
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1859 
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31 

15 

17 

32 
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C 2 







12 MR F G-ALTON" ON THE PATTERNS IN THUMB AND FINGER MARKS 

I did my best to justly reckon the number of minutiae m each impression that 
admitted of comparison, but found it difficult , perhaps it is impossible to he 
absolutely accurate 

Other persons may make estimates that differ slightly from mine, but mine are, I 
am sure, substantially coriect and trustworthy for all practical purposes I counted 
as separate points both of the ends of every island, however short the island might be, 
and both of the forks that enclosed every crater however minute. 

The upshot of a careful step by step study is that I have found an absolute and 
most extra ordinary coincidence between the details of each of the two impressions of 
the same finger and of the same person There was, as the table shows, a grand 
total of no less than 296 (say, loundly, 300) points of comparison, and not a single 
one of them failed, though I had much trouble in deciphering the ridges, especially 
about the V-pomt in case 5 There was no one case found of a difference m the 
number of ridges between any two specified points. Never during the lapse of all 
these years did a new ridge arise, or an old one disappear. The pattern m all its 
minute details persisted unchanged, and, a fortiori, it remained unchanged in its 
general character. 

[January 28. Since writing this memoir, I have had opportunities of making a 
considerably larger total of comparisons between other pairs of impressions, and I 
have thus far found one instance, and one instance only, of any fundamental disaccord. 
It was a ridge that had been partially cleft m a child, but when he had grown into a 
boy the cleft had disappeared.] 

The comparison would, however, present discrepancies and be much less effectively 
carried on if it were performed by first registering the observed peculiarities of one 
pattern, next those of the other, and, lastly, comparing the two registers Each 
would be likely to contain points m which the other was deficient, and not a few 
very characteristic features might be overlooked in both. For example it will be 
seen in the two impressions, No 2 m the skeleton chart, that I have inserted an 
arrow head to draw attention to a small spot a little in front of it, which represents 
an isolated papilla. This spot would have been passed over as a mere accident of the 
ink, unworthy of record, had it not been that, in making the comparison from point 
to point, the same dot was observed in both impressions It was then recognised to 
be of importance It is pretty to notice how the small dot in the child has grown to 
a larger dot in the youth. 

The lapse of about thirty years is seen m these eight examples to have introduced 
no fundamental difference in the patterns of four different adults, nor has the lapse of 
mne years, durmg the period of growth from childhood to youth, done so in a fifth 
person. The patterns often have become broadened and variously distorted, especially 
m case 6; but in respect to those characteristics, on which alone I have laid any stress, 
there has been no change whatever. 

It appears that the ridges make their first appearance in the fourth month of foetal 
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life, and to be fully and finally developed m the sixth month, for they then seem 
to possess the same degree of complexity of structure that exists m the patterns of 
adults. Putting all together, we may fairly infer that, from birth to death, there is 
no change in the fundamental characteristics of the thumb and finger patterns, nor 
can there be any after death up to the time when the skm perishes through 
decomposition 

The popular idea that has hitherto been jumped at, without adequate evidence,^ is 
now shown to be strictly correct on very good evidence and after careful inquiry 
There appear to be no means of personal identification other than deep scars and tattoo 
marks, comparable in their permanence and certainty with those of the thumb and 
finger marks. All the dimensions of the limbs alter m the slow course of growth and 
decay. The colour of the halt, the quality and tint of the skm, the expression of the 
features, the gestures, the handwriting, even the eye colour, change after many years 
There seems to be no persistence anywhere m the bodily structure, except m these 
minute and too much disregarded papillary ridges 

Scars 

The question remains to be considered as to how far the patterns may be affected by 
scars, or obliterated by lough usage. I find that, of the 2500 or moie persons 
whose thumbs have been impressed at my small Anthiopometnc Laboratory at South 
Kensington, the patterns aie rarely destroyed to any considerable degree I have 
to search through hundieds of thumb marks to find an instance of even a small 
scar. Partial obliterations are more frequent, but here, though much is lost, a suffi¬ 
ciency remains; and if the thumb is rolled and not only pressed, more would be 
available. If the fingers had been rolled m making the impressions m Plate 2, there 
would have been perhaps twice as many points of comparison, for the areas they 
represent would have been twice, or nearly twice as gieat as they are now, and the 
number of points suitable for comparison would have been proportionately increased 

Analogy between the Classes and Ordinary Genera. 

We have seen that the peculiarities which distinguish the classes of the patterns are 
fundamentally distinct It might thence be inferred that the class of any given 
pattern would be clearly distinguishable. But this is not invariably the case. A 
characteristic, however fundamental in its character, may be so poorly developed in a 
particular case, as to be overlooked, or be barely, if at all, traceable 

* Subsequent inquiry confirmed the opinion expressed m my lecture at the Royal Institution, referred 
to above, that an often repeated assertion to the effect that impressions of the hand are used in Chinese 
prisons for purposes of identification, is erroneous The impression of the finger m China, as elsewhere 
in the East, is sometimes affixed to documents merely as a ceremony of personal contact, muoh 
as the witnesses m an English court of law are required to hold and to kiss the Bible on which 
they are sworn. 
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A core as m 62, fig 9, belongs to a WSY—WBV class, while a core that is 
enclosed m a loop, as m, belongs to a SY—BY, or one as u, to a SW—BW class. 
But the envelopmg loop may be so narrow as to be overlooked. Nay, it may consist 
of but a single ndge, and that ridge may not make the complete circuit, but either 
stop by the way or form a junction with the outer ridge of the core. Transitional 
cases of this sort may and do occur, and they might conceivably occur frequently. 

There are perhaps no two classes that might not be m some way connected by 
transitional cases, though it may often be difficult to imagine how We are not 
justified m denying either the possibility or the frequency of any such transitional 
form on purely d prion grounds, but must appeal to observation, which assures us 
that they are rare. 

In order to rightly understand the degree and the way m which any class of 
pattern is isolated, it is necessary to study a large number of specimens, consequently, 
as loops are so numerous, we cannot do better than to base the discussion upon them, 
and learn whether or no the individual variations of loops cluster around a central or 
typical form, or whether they are distiibuted in any other way. We must study 
the peculiarities of the loop separately and m detail, and the best detail for our 
purpose is the number of ridges m AH, where H is the point m the innermost bend 
of the loop at which it is cut by AI (see figs. 3 and 4) 

The ridges in AH are easily counted because AH cuts them squarely, owing to the 
construction of the figure I took a number of specimens of loops, m the order in 
which they came to hand, and had the number of ndges in AH counted in each loop. 
(I had also, myself, previously made more than one independent trial on a considerable 
scale, but the specimens bad not been those of a strictly random selection, and 
I thought best not to use them) 

The ridge at A was counted as 0, the next ridge as 1, and so on up to H. When¬ 
ever the line AH passed across the neck of a bifurcation, so that there was one ridge 
fewer on one side of the point of intersection than on the other, there would clearly 
be doubt whether to reckon it as 1 or as 2 ridges. A compromise had, therefore, to 
be made by counting it as lj After the number of ridges m AH had been counted 
m each case, all residual fractions of £ were alternately treated as 0 and as 1. In a 
very few cases there was doubt whether to classify a pattern that approximated to 

h I, as a loop, the number of whose ridges m AH was 0, oi even I, or whether to 
consider it as a Primary, a. 

It is more convenient to work from the results when given in the form of the 
percentages, which 'will he found m Table I, and where the number of cases from 
which the percentages were made is entered at the top. It is quite unnecessary to 
work more closely than to the nearest integer. We see at a glance that the different 
numbers of ridges m AH do not occur with equal frequency, that 1 ridge is a rarity, 
and so are cases of ridges above 15 in number, but that the cases are frequent of 7, B 
and the neighbouring numbers of ridges. There is clearly a rude sort of order’ in 
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their distribution, the cases being moie numerous for median values, and tailing away 
into nothingness at the top and bottom of the column A vast amount of statistical 
analogy assures us that the oideilmess of the distribution would be increased if the 
cases observed had been much more numerous Later on this inference will be 
corroborated There is a shaip inferior limit to the numbers of ridges, because they 
cannot be less than 0, but independently of this, we notice the growing infrequency 
of small numbers as well as of large numbers of them There is no strict limit to the 
latter, but the trend of the figures convinces us that say, 40 or more ridges m AH are 
practically impossible Therefore, no individual number of ridges m AH can possibly 
depart very widely from the observed average numbers of ridges m AH, but the 
range of possible departures is not sharply limited, except at its lower margin. Their 
possibilities are not c< rounded off/’ to use a common but very misleading expression 
that is often applied to the way m which genera are isolated The range of the 
possible departures m the case of genera is not suddenly *and sharply restricted, but 
the rarity of the stragglers fiom the average form rapidly increases with the degree 
of their departure, until no more of them are met with 


Table I 


No of 
utlgos m 
All 

No of casus loduccd to 
pop cents 

vy/or 

No of cases reduced to 
pei cents 

AO/AH 

No of cases reduced to 
pei cents 

Loll; 

171 cases 

Rigid 

Left 

Right 

Left 

Right 

1GG cases 

149 cases 

140 cases 

176 cases 

163 cases 

1 


1 

0 3-0 4 

2 

3 

0 1-0 2 

i 

2 

2 

1 

2 

0 5-0 6 

11 

8 

0 3-0 4 

3 

7 

3 

3 

2 

0 7-0 8 

14 

9 

0 5-0 6 

3 

11 

4 

5 

2 

0 9-10 

18 

21 

0 7-0 8 

9 

9 

5 

5 

3 

1*1-1 2 

23 

16 

0 9-1 0 

15 

22 

6 

18 

4 

13-14 

7 

24 

11-1 2 

13 

15 

7 

14 

8 

1 5-1 6 

10 

8 

13-14 

12 

12 

8 

16 

8 

1 7-18 

6 

3 

1 5-1 6 

14 

11 

9 

10 

11 

1 9-2 0 

6 

5 

1 7-1 8 

10 

8 

10 

8 

9 

2 1-2 2 

1 

1 

19-2 0 

5 

1 

11 

10 

14 

above 

2 

o 

21-2 2 



12 

8 

11 




2 3-2 4 

6 

1 

13 

2 

10 




2 5-2 6 

4 


14 


7 




2 7-2 8 

3 


15 


6 




2 9-3 0 

1 


above 


2 




above 

1 

1 


100 

100 


100 

100 


100 

100 


Tt is convenient to discuss these and similar cases m the way adopted m Tables II 
and III. These show how far the distribution of the observed cases conforms to the 
well-known theoretical law of Frequency of Error If they conform to it fauly well, we 
are justified in speaking of a central or typical number of ridges m AH, and of con¬ 
sidering any other number of ridges as a departure from that typical and central value 
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Table II. 


Ordinates to tlie six schemes of Distribution, being the ordinates dravra from the base of each scheme at 

selected centesimal divisions of the base 


Abscissae 

reckoned 

in 

No of ridges in AH 

Yalues of YY/OI 

Values of AO/AH 

centesimal 
parts of 

Left 

Bright 

Left 

Right 

Left 

Eight 

the 












— 

interval 
between 
the limits 
of tlie 
scheme 

h3 

<D 

£ 

a 

P CO 05 

“ 11 
■ss ® 

•a 

T3 

O 

£ 

3 

g ^ CO 

O CQ 

Hi * 

2 H 1! 

< P-j 

n3 

o 

£ 

© 

a 

O OH 
e£j r-i CO 
rrj rH O 

| II II 

nd 

fc 

05 

a 

«§Jh « 

rti P -1 O 

J II II 

05 

& 

ciliated from 
M=1 36 
p e =0 36 

'g 

1 

culated from 
M=10S 
p e =0 30 

0 to 100 

CO 

o 

'I 

O 

no 

X 

o 

o 

la 

O 

m 

O 

,3 

cS 

o 

CO 

pO 

O 

o 

CD 

o 

n 

o 

& 

O 

3 

5 

38 

3 2 

3*8 

48 

0 49 

0 35 

0 54 

0 54 

0 58 

048 

0 36 

0 32 

10 

48 

42 

55 

*■ 60 

0 59 

0 51 

0 64 

0 67 

0 74 

0 68 

0 50 

0 48 

20 

58 

5-4 

73 

75 

0 78 

0 71 

0 85 

0 84 

0 96 

0 91 

0 66 

0 67 

25 

61 

59 

79 

81 

0 83 

0 79 

0 91 

0 90 

100 

100 

0 79 

0 75 

30 

64 

63 

85 

86 

0 89 

0 86 

0 99 

0 95 

104 

108 

0 87 

0 82 

40 

71 

74 

95 

9 5 

1 00 

0 98 

105 

105 

121 

122 

0 98 

0 93 

50 

78 

78 

10 5 

10 4 

1 10 

110 

115 

115 

137 

136 

1 04 

105 

60 

84 

82 

113 

113 

118 

1 22 

129 

1 25 

1*48 

150 

118 

117 

70 

93 

9 3 

121 

12 2 

132 

134 

1 33 

135 

1 66 

164 

131 

128 

75 

99 

97 

12 5 

12 7 

146 

141 

1*41 

140 

173 

172 

1 39 

135 

80 

110 

10 2 

13 0 

13 3 

153 

1 49 

1*45 

146 

1*90 

2 81 

148 

143 

90 

115 

114 

14 3 

14 8 

1 73 

169 

177 

1 63 

2*23 

2 04 

169 

1*62 

95 

12 2 

12 2 

15 0 

16 0 

180 

1 85 

2 00 

1 76 

2 48 
about 

2 24 

181 

1*78 ! 

1 


Table III 


Absciss# 
reckoned m 
centesimal parts 
of the interval 
between the 
limits of the 
curve 

0 to 100 

Ordinates to the six cuives of distribution drawn fiom the axis of 
each curve at selected centesimal divisions of it 

They are here reduced to a common measure, by dividing the 
observed deviations in each senes by the probable error appro¬ 
priate to the series and multiplying by 100 Yoi the values of 
M, whence the deviations are measured, and for those of the 
coirespondmg probable error, see the headings to the columns 
m Table II 

Mean of the 
corresponding 
ordinates m the 
six curves after 
reduction to the 
common scale of 
p e —100 

965 observations 
m all 

Ordmatea to the 
normal curve 
of distribution, 
probable error 
= 100, 

No of ridges m AH 

Values of VT/OI 

Values of AO/AH 

Left 

Right 

Left 

Right 

Left 

Right 

rr 

5 

-211 

-291 

-196 

-244 

-217 

-230 

-231 

-244 

10 

-158 

-213 

-164 

-204 

-172 

-183 

-182 

-190 

20 

-105 

-135 

-103 

-120 

-111 

-130 

-117 

-125 

25 

- 84 

-109 

- 87 

- 92 

-100 

- 87 

- 93 

-100 

30 

- 74 

- 83 

- 68 

- 64 

- 89 

- 60 

- 73 

- 78 

40 

- 37 

- 44 

- 31 

— 44 

- 42 

- 23 

- 37 

- 38 

50 

0 

+ 4 

0 

0, 

0 

0 

+ 1 

0 

60 

+ 31 

+ 39 

+ 23 

+ 56 

+ 33 

+ 43 

+ 38 

+ 38 

70 

+ 79 

+ 74 

+ 68 

+ 72 

+ 83 

+ 87 

+ 77 

+ 78 

75 

+116 

+ 91 

+ 116 

+104 

+ 103 

+ 113 

+ 107 

+ 100 

80 

+168 

+ 118 

+ 138 

+120 

+150 

+ 143 

+139 

+ 125 

90 

+ 200 

+170 , 

+ 203 

+ 248 

+242 

+ 213 

+ 213 

+ 190 

95 

+231 

+ 200 

+225 

+ 340 

+ 311 

+ 253 

+260 

+244 
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The method used here is one that I have often described, hut 1 fear I must briefly 
describe it again because it is not generally understood, though it is already beginning 
to be used by anthropologists and others The 100 cases (the peicentages in Table I) 
that refer, say, to the left thumb are entered upon a piece of paper ruled by 101 
vertical lines, numbered from 0 to 100, which divide any horizontal line into 100 equal 
and horizontal spaces It appears from the table that we may have to deal with 
various numbers of ridges from 0 up to 15, so there must be 16 horizontal lines at 
equal distances apart, and numbered from 0 to 15, enclosing 15 equal vertical spaces 
The table begins by telling us that out of the 100 cases there are 1 of two ridges, 
3 of three ridges, 5 of four ridges, and so on These values are entered on the ruled 
paper by electing, (fig. 12,) one ordinate reaching to the second line m the middle of the 



first space, three ordinates reaching to the third line and severally standing m the 
middle of each of the next three spaces (which, counted from the beginning, are the 
second, the third, and the fourth), five ordinates reaching to the fourth line and 
severally standing m the middle of each of the next five spaces, and so on, until all 
the 100 spaces have been utilized for the 100 tabular entries Then a curve may be 
drawn with a free hand thiough the tops of the 100 ordinates, and the figure called a 
Scheme of Distribution is thereby produced But there is an objection to free hand 
curves, in the temptation to draw them too smoothly Therefore I do no more than 
unite with straight lines, as shown m fig 12, the halfway points cl, b, c, &c between 
each successive step. The 100 ordinates have now served their purpose, and being in 
the way, had better be rubbed out (practically they are never drawn), leaving only 
the curve, the divisions between which the ordinates were or were supposed to be 
drawn, and the side scale. 

New ordinates to the curve are now erected at the convenient divisions of the base 

r> 


MDCCCXOl,—B. 
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given in the first columns of Tables II. and III. (see the broad white line corre¬ 
sponding to 5 m fig 12). They are measuied, and their lengths are recorded, and 
may at any future time be again mapped down m order to form a skeleton by which 
to reproduce the original scheme. The lengths of these interpolated ordinates are 
given m the column of Table II headed “ Observed,” Being interpolations, they do 
not consist, except by chance, of an integral number of ridges But fractional values 
are not meaningless , they have already been employed whenever ATI cuts the neck 
of a fork 

The ordinate at the 25th division of the base, called Q 1} cuts off the lower quarter 
of the scheme, the ordinate at the 75th, called Q 3 , cuts off the upper quarter. Half 
the difference between them, or (Q 3 — Q L ), is called the Quartile, and is expi eased 
by Q It measures the “probable” dispersion (m the sense of “probable error”) of 
individual values from the value of J (Q 3 + Q x ), which is called M'. 

In a symmetrical curve M' is identical with the ordinate at the 50th division, in 
other words, with the median value of all the ordinates in the series, and is called M. 
Further, in a symmetrical curve, the median M is identical with their ai ithmotio mean 
value. In the six different series contained in Table LI, and in numerous analogous 
ones that I have worked out elsewhere, the values of M' and of M are neatly 
identical Whenever they differ, I have taken an intermediate value that is nearer 
to M than to M'. This correction lias been always very trifling. The values of M 
and Q for each of the series with which we are concerned, are given at Lite heads of 
the second of each pair of columns m Table II. 

The next step is to change from the Scheme to the Curve that bounds it; tho ordi¬ 
nates are measured henceforth from the axis of the curve, up or down as tho case may 
be. The axis is a line drawn parallel to the base of the scheme, which outs the 
curve at the point Where it was met by M; that is by tbe ordinate erected at the 
50th division of the base. 

The axis is divided into 100 divisions just like the base. The ordinates of a 
curve of this description, not founded on any observations, but wholly on the 
theoretical law of frequency of Error, can be deduced from the well-known tables 
of the Probability Integral. They, and the curve itself, may be conveniently spoken 
of as “ Normal 7 ’ 

The few ordinates of the normal curve with which we are concerned will be found 
in the last column of Table III There the quartile (= probable error) is taken as 

100 and not as 1, in order to avoid decimals in the tabular entries, which are restricted 
to three figures each. 

When preparing to compare the ordinates of a curve drawn from observation with 
those of a normal curve, we must first multiply the ordinates of the normal curve, 
whose quartile (or probable error) ~ 100, by the value of the quartile of the observed 
curve. Or, conversely, if we wish to compare the ordinates of the normal curve whose 
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quartile = 100, with those of the observed curve, we must first divide those of the 
observed curve by the value of their own quartile, and then multiply them by 100‘ 
The latter process has been adopted in Table III 

There is yet another useful step Given the values of M and Q we may calculate 
the value of any ordinate m the scheme, by the help of the values of the normal 
ordinates to the curve given in the last column of Table III., and collate the calculated 
with the observed values. This has been done m Table II 

We will first consider the results shown m Table II It is seen that the accordance 
between the calculated and observed number of ndges m AH, m the left and m the 
right thumbs severally, is respectably close. Considering the paucity of the observa¬ 
tions, which are only 171 m the one case and 166 m the other, there is nothing m 
the results that contradicts the possibility of a much closer conformity when very many 
more observations are dealt with. 

Precisely the same process has been gone through m ^respect to the values of the 
fractions of YY divided by 01 (see fig 3), which is practically the breadth of the loop 
divided by its length The lesults are of a similar character to those yielded by the 
numbers of ridges in AH 

Again, I have tried the fraction of AO divided by AH, and still the results are 
found to be of the same kind 

Now turning to Table III I there obtain a general average result from all of the 
three double sets, by an artifice. Each observed series of departures from the axis of 
the curves is reduced to what it would have been if the unit of the scale by which 
its departure had been measured, was equal to its own quartile multiplied by 100 
In short, every one of the ordinates m each senes was divided by the value of the 
quartile of that same series, and then multiplied by 100. Their average results are 
given in the last column but one, and the corresponding normal values m the last 
column The orderly run of the figures is much closer now than it was m any one of 
the six separate series because they are derived from many more observations, namely, 
965 of them. 

We also see that though there is an obvious want of exact symmetry in the ordi¬ 
nates of the observed curve, their general accord with those of the normal curve is 
very fair. It is quite close enough to establish the general proposition that we are 
justified in relying upon the ideal conception of a typical form of loop, different for 
the two thumbs, from which individual loops differ. That the departure from the 
typical form is usually small, rarely rather greater, and very rarely indeed rather greater 
still. 

It would be tedious to enumerate the many different trials that I have made for my 
own satisfaction, in order to assure myself that the variability of the seveial patterns 
was really of the quasi-normal kind just described In my first trial I measured m 
various ways the dimensions of about 500 enlarged photographs of loops, and about 
as many of other patterns, and found that the measurements m each and every case 

D 2 
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formed a quasi-normal seiies. I do not care to submit these results, because they 
necessitate more explanation and analysis than the interest of the corrected results 
would, perhaps, justify, to eliminate from them the effect of variety of size of thumb, 
and some other uncertainties Those measurements referred to some children, a few 
women, many youths, and a fair number of adults, and allowance has to be made for 
variability m stature m each of these classes 

The proportions of a typical loop are easily ascertained if we may assume that the 
most frequent values of its variable elements, taken separately, arc the same as those 
that enter into the most frequent combination of the elements taken collectively. 
This would necessarily be true if the variability of each element separately, and that 
of the sum of them m combination, were all strictly noimal, but as they are only 
quasi-normal the assumption must be tested I have done so by making the com¬ 
parisons shown m Table IV., which come out correctly to within the first decimal place. 


Table IV. 



Loft thumb 

Right thumb. 

(a) Median of all tho values of VY 

101 

ia r> 

(&) Median of all tho values of 01 

HO 

101 

Value of ajh , , 

L11 

1*24 

Median of all tho fractions VY/Ol 

l’K) 

115 

(c) Median of all tho values of AO 

40 

4 0 

(A) Median of all tho values of AH 

3 0 

4 4 

Value of cjd ... 

140 

1 05 

Median of all the fractions AO/AH . 

1-30 

108 


They show that it is practically the same thing' whether wo take the fraction, which is 
the median of all the fractions, or whether we take the fraction whose numerator is 
the median of all the numerators, and whose denominator is the median of all the 
denominators I have used the medians here and throughout this inquiry instead of 
the arithmetic means, but an inference like the foregoing which is based on the 
medians, may be accepted without cavil as being equally true of the means. 

This being premised, the proportions of the typical loop are to be taken as follows :—~ 




MR F G-ALTON ON THE PATTERNS IN THUMB AND FINGER MARKS 


21 



Left thumb 

Right thumb 

Length, of OA m millimetres 

46 

46 

oi 

89 

101 

» OY 

76 

83 

„ OY „ 

31 

42 

,, AH ,, 

3 3 

44 

Numbei of ridges m AH 

73 

99 

Mean breadth of one of the ridge intervals m AH 

0 46 

045 


As absolute measures, the above are too small for the average adult male and too 
large for the average adult female, but as proportions they are correct 

I do not see my way to discuss the primaries on the same general lines as the 
loops, because they possess no distinct pomts of reference But then- general 
appearance does not give the impression of clustering around a typical centie They 
seem rather to suggest the idea of the head of a stream, that begins to diverge from 
the first. 

As regards other patterns, I have made many measurements altogether, but the 
specimens of each sort were comparatively very few, except m c patterns In all cases 
where I was able to form a well-founded opinion, the existence of a typical centie was 
indicated. It was not necessarily or usually the same in the two thumbs , indeed, there 
is a curious difference between their patterns, into which I do not propose to enter here 
There is reason to believe that the patterns are hereditary I have no adequate 
amount of data whereby to test the truth of this belief by a direct inquiry, but lest 
the belief partly on analogy, but more especially on the ascertained existence of a 
considerable tendency to symmetry When, for instance, there is a primary pattern 
on one th um b, there are not far from ten chances to one m favour of its been found on 
the other Again, if there is a loop m one thumb, there is a strong chance that it will 
be found m the other thumb also Similarly as regards each pair of conespondmg 
fingers. Therefore the causes of the pattern must not be looked for m purely local 
influences. Part of the causes why it and not another pattern is present, are common 
to both sides of the body and may therefore be called constitutional, and be expected 
to be hereditary. 

Accepting, then, the hypothesis that the patterns are to some extent hereditary, we 
possess in them an instructive instance of the effects of heredity under circumstances 
m which sexual selection has been neutral The very existence of the patterns has 
been hitherto almost overlooked, because they are too small to attract attention, or 
thought too uninteresting to notice. Neither do they appear to be correlated with 
any desirable or repellent quality. It is true that the breadth of a ridge-interval 
may afford a direct indication of the delicacy or the reverse of the sense of touch, as 
measured by the just discernible distance between compass points, and some indirect 
indication of the sensibility generally. (I do not know that it is, but have planned 
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experiments for testing the supposition.) Yet, even if so, the fact would have no 
bearing on the attractiveness or otherwise of any particular pattern, because the form of 
a pattern has nothing to do with the fineness or coarseness of the ridges that compose 
it. There has, therefore, been complete promiscuity of marriages, or, as it is now 
called, panmixia, m lespect to these patterns. We might consequently have expected 
them to be hybridised. But that is most assuredly not the case ; they refuse to 
blend Their classes are as cleaily separated as those of' any of the genora of plants 
and animals, while we happen to know enough about their origin to understand that 
this must be the case, inasmuch as they aro intrinsically different. Each of the 
patterns keeps as pure and distinct from the others as if they had been severally 
descended from a thorough-bred ancestry, each m respect to its own peculiar form 
As regards the influence of all other lands of natural selection, we know that they 
co-operate m keeping races puie hy then much more frequent destruction of the 
individuals who depart the moio widely from the typical centre. But natural selec¬ 
tion is wholly inoperative m respect to individual varieties of patterns, and unable to 
exercise the slightest check upon their vagaries. Yet, for all that, the different 
classes of patterns are isolated from one another, through the rarity of transitional 
cases, just as thoroughly, and just in the same way, as arc the genera of plants and 


animals. There is no statistical difference between the form of the law of distribution 


of individual patterns about their respective typical centres, and that of tho law hy 
which, say, the Shrimps describod in Mr Weldon’s recent memoir ( e Roy. Soc JProc./ 
vol. 47, p. 445) are distributed about theirs. In both cases the distribution is in quasi- 
accordance with the theoretical law of Frequency of Error, and this form of distribution 
is caused in the case of the patterns entnely by internal conditions, and in no way by 
natural selection in the ordinary sense of that term 


It is impossible not to recognise the fact so clearly illustrated by those patterns in 
the thumbs, that natural selection has no monopoly of influence in forming genera, 
but that it could be wholly dispensed with, the internal conditions acting by them¬ 
selves being amply sufficient to form them When the inlornal conditions are in 
harmony with the external ones, as they appear to be in all long-established races, 
their joint effects will curb individual variability more tightly than either would do 
by itself The normal character of tho distribution about the typical centre will not 
be thereby interfered with. The probable divergence (= probable error) of an 
individual taken at random will be lessened, and that is all 

Not only is it impossible to substantiate a claim for natural selection that it is the 
sole agent in forming genera, but it seems, from the experience of artificial selection, 
that it is scarcely competent to do so hy favouring mere varieties , in the sense in 
which I understand the term. 

£ t My contention is that it acts by favouring small sports. Mere varieties from a 
ffeKfflpa typical centre blend freely in the offspring, and the offspring of every race 
mM ® statistical characters are constant, necessarily tend, as I have often shown, to 
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revert towards their common typical centre Spoits do not blend freely, they are 
fresh typica] centres or sub-species, which suddenly arise we do not yet know 
precisely through what uncommon concurrences of circumstance, and which observa¬ 
tions show to be strongly transmissible by inheritance 

A meie variety can never afford a sticking point in the forward course of evolution, 
but each new sport implies a new condition of internal equilibrium, and does afford one 
A change of type is effected, as I conceive, by a succession of sports or small changes of 
typical centre, each being m its turn favoured and established by natural selection to 
the exclusion of its competitors The distinction between a meie variety and a sport 
is real and fundamental I argued this point m a recent work ( c Natural Inheritance,’ 
Chapter III., Macmillan, 1889), but had then to draw my illustrations from non- 
physiological experiences I could not at that time find an appropriate physiological 
one The want is now excellently supplied by observations of the patterns made by 
the papillary ridges on the thumbs and fingers 
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I —INTRODUCTORY 

The chief materials for the present investigation consist of a number of embryos of 
the three common species of Apteryx which have come into my possession during the 
last three or four yeais. For some time I only succeeded m obtaining two or thiee 
specimens of advanced stages, and it was only when L was fortunate enough to secure 
the seivices of Mr UruriAitD Henry, ol Lake To Anau, as collector, that my material 
became copious enough to bo worth working up Even now my obsoivaiions are in 
many respects very impel foot owing to tho lack of a sufficient number of specimens, 
many of the most important stages being represented only by a single embryo. 

Since communicating a preliminary note (28)'* on the subject to the 1 loyal Society 
I have found it necessary to extend my investigations, so as to include cor tain points 
in the structure of the adult, especially the ptetylosis and the characters of the wing, 
the sternum, shoulder-girdle, and skeleton of the fore-limb, the muscles of the wing, 
and the brain. 

I beg to return my sincere thanks to the Council of the Royal Society for the grant 
from which the expenses of the investigation were defrayed, to Madamo Muller, for 
a half ripe embryo of Apteryx oweni; to Sir Walter Duller, for two advanced 
embryos of A. bullen, to Piofessor Hutton, for awing of the rare A haas/ii, to Sir 
James Hector, for two skeletons, and for the opportunity of examining the collections 
m the Colonial Museum, Wellington , to Mr. H. O Forbes, for similar facilities 
enjoyed at the Canterbury Museum, Christchurch, and for a skeleton of A oweni, in 
a very interesting stage of development, to Mr T W Kirk, for valuable help 
during my work at the Wellington Museum ; to Mr. T F. Cheeseman, for two living 
specimens of A. bulleri; to Professor Max Furb ringer, for a copy of his magnificent 
work on the anatomy and classification of Birds; to my colleague, Dr. J. IT. Scott, 
for valuable help in connection with the literature of the subject; and to my pupil, 
Mr. J, M. Beattie, for working ©ut the percentages in Table B, p. 41, 


* The figures m brackets refer to the bibliographical list at tho end of this paper (p 117) 
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It is only right to state that my obligations to my collector, Mr Henry, are out of 
all propoition to the sums paid to him for specimens It has been of great advantage 
to me m many stages of the enquiry to have the opportunity of corresponding with so 
excellent a field-naturalist 

Perhaps I may also be allowed to mention that I have enjoyed the privilege of 
frequent correspondence with my Father on the subject-mattei of my work My chief 
hope m connection with the present paper is that it may be deemed worthy to seive 
as a supplement to the long series of researches on the anatomy of birds to which so 
many years of his life have been devoted 


II—GENERAL DESCRIPTION OE THE STAGES EXAMINED 

The embryos hitheito obtained naturally group themselves into ten stages (A to K) 
An eleventh stage (L) is furnished, by a bud a few weeks old, a twelfth (M) by the 
skeleton of an adolescent specimen, and a thirteenth (N) and fourteenth (0) by odd 
bones of young buds The adult may be considered as constituting a fifteenth stage 
The following table gives a list of the specimens examined — 



Nuinbci of Specimens 


Stage 





A bulla i * 

A austndis 

A oweni 



A 


1 




B 


1 




C 


1 




D 



i 



E 



i 


Embryos 

P 



i 



G 


1 

i 



H 

i 


i 



I 

j 

2 




K 

i 

2 



Time of batching 

L 


1 


Seven al weeks old 

M 


• 

i 

Skeleton of young specimen 

N 


• 

i 

Skull and pelvis only of j oung specimen 

0 



i 

Loose bones of young specimen 

Adult | 

2f 

1 

» 

Entire specimens 

1 

3 

3 

Skeletons 


In addition to these I have examined several wmgs taken from stuffed specimens 
or skins, and two skeletons the species of which are uncertain One, m the 
Wellington Museum, was prepared by the late Dr. F J Knox, who named it 

* This species is better known as A mantelli , bnt Mr Sharpe bas unfortunately, although no doubt 
con ectly, found it necessary to change its name 

t Both these specimens had to be stuffed, so that only certain paits weie available for examination 
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A maxima. It appears? to be a sub-adult A Indian The other I have provisionally 
referred to A haastii for reasons given hereafter (p 39) 

The chief gaps are between stages 0 and D and between stages G and IT With 
these exceptions, the series is fairly complete 

All the embryos were preserved m alcohol As they had to be removed from the 
egg by the collector, the employment of special fixing reagents was inadmissible 
They were for the most part well preserved, but not sufficiently well for the piuposes 
of exact histological study For sectioning they were stained m toto with boiax- 
carmine, and imbedded m paraffin, senal sections being cut with the Thoma-Jung 
microtome Meyer’s albumen and glycerine fixative was used. In most cases the 
sections were cut to a thickness of about to yg- mm 

The embryos were drawn as a whole before cutting, the smaller ones (stages A~C) 
both as opaque objects and after being rendered transparent by turpentine. All 
microscopic drawings were made by the aid of Abbe’s camera lucida. 

Stage A (Plate 3, fig. 1). 

The single embryo belonging to this stage corresponds m most respects to a chick 
of the fourth day.* 

The body is so bent upon itself that the posterior cephalic and thoracic legions 
are appioximately parallel to one another, and the end of the curved tail is almost in 
contact with the top of the head. The cerebral flexure is well maiked, the angle 
between the fore and hind brain being acute. (Of fig 17, Plate 4 ) The total length 
of the embryo, measured along the curve of the back hom the nostril to the end of 
the tail, is about 20 mm. In its naturally cuived condition it is about 6 mm. across 

The lateral curvature of the body is very much less than m the corresponding stage 
of the Chick. In the latter, at about the fourth day, a sagittal section of the whole 
embryo cuts the notochord, mesoblastic somites, myelon, &c., m very various planes. 
In the present instance nearly the whole of the notochord, except its caudal portion, 
was displayed m a single section 

The number of mesoblastic somites was difficult to count m the entire embryo, as it 
was not examined fresh, but by examining in turpentine by transmitted light it could 
be made out with tolerable certainty to be about forty-four—certainly not fewer than 
forty-three, nor more than forty-five. That is to say, the total number of segments 
is already acquired, since the number of vertebrae m the adult skeleton is about 
forty-five. 

The limbs are in a far less advanced condition than in Foster and Balfour’s 
figure of the fourth day Chick (10, fig, 67). Each (fig 1) has the foim of a battened, 

* I have unfortunately no good series of figures of the external form of chick-embryos which could 
be takeu as a standard of comparison. The embryos I have myself obtained differ considerably m point 
of development from the corresponding ages as described by Foster and Balfour. 
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almost semicncular bud, the hind (IIL ) being already slightly larger than the fore 
limb (F.L) 

The position of the limbs at this early stage is appaiently somewhat unusual 
The fore-limb springs from the Wolffian ridge over against the seventeenth to the 
nineteenth mesoblastic somites ( see fig 1, where the sixteenth somite is maiked 
ones som 16), the hind limb over against the twenty-eighth to the thirty-sixth In 
the Chick, according to Foster and Bilfour’s figure, the fore-limb, at a corresponding 
or slightly later stage, is opposite the tenth to the thnteenth somites, the hind-limb 
opposite the twenty-third to the twenty-sixth, the total number of somites being 
forty, or only four fewer than m the present stage of Apteryx 

In the adult both of Apteryx and Gallus the fore-limb lies m the transverse plane 
of about the sixteenth or seventeenth vertebra, the hmd-limb m that of about the 
thirtieth or thirty-second. Thus while m Gallus the limbs undergo, subsequently 
to the fourth day, a backward shifting equal to the length of about six to eight 
mesoblastic somites, m an Apteryx of the corresponding age the adult position is 
already attained. 

The ontogenetic shifting of the limbs of birds is very generally taken as evidence 
of a corresponding phylogenetic shifting If this conclusion is correct—and there 
seems no reason to doubt it—the fact just described would seem to show that the 
interval separating Apteryx from its hypothetical short-necked ancestor is a wider 
one than has intervened m the case of Gallus It must be remembered, however, 
that, according to Furb ringer (11, p. 977), a forward displacement of the limbs 
occasionally occurs instead of the usual backwaid displacement, especially m the case 
of species with degenerating wings 

The first two visceral folds (mandibular, Mn # and hyoid, Hy ) are considerably 
larger than the third, fourth, and fifth (figs. 19-21, Br ,1,2, and 3) The supenor 
maxillary process was not visible externally, nor can any trace of it be seen m 
sections, m this respect the resemblance is closer to a Chick of the third than to 
one of the fourth day (compare 10, figs 56 and 67) 

In the bram the mesencephal (figs 1 and 17, Mesen ) is proportionally smaller than 
in the Chick m correspondence with the relatively smaller eyes. The auditory sac 
( Au ) has the usual characters, but the nasal sac (Na ) agrees m character and position 
with that of a Chick of the third day, there is no trace of the fronto-nasal process 
and no overlapping of the nostrils by the lateral projection of the eyes. 

The diameter of the allantois {All ) was about five-sixths of the length of the head, 
i.e., of much the same relative size as m a Chick of the fourth day. 

The embryo was cut into a complete series of sagittal sections 

Stage B (Plate 3, fig 2). 

This embryo is apparently only a few hours older than that just described, being 
considerably less advanced than a Chick of the fifth day. Measured across the curve 
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its length, is about 7 2 mm , if straightened out it would measure, from nostril to end of 
tail, about 24 mm 

The fronto-nasal process has barely begun to form, and there is still no trace of the 
superior maxillaiy process The distinction between the mandibular and hyoid folds 
is less clear than in the previous stage, owing to the partial obhteiation of the furrow 
between them In the sections the post-hyoidean clefts ( Cl 2) are seen to meet m 
the middle ventral line (fig- 28), and the liyoidean folds are slightly pioduced back¬ 
wards, foimmg an opeiculum-kke flap (figs 2, 28, and 29, Opevc) over the neck, 
beneath which there is a transverse ciescentic slit (figs 28 and 29, Cl l), placing the 
pharynx m free communication with the exterior I have no lecollection of seeing 
t hi s condition of things described m any vertebrate embryo, and am disposed to 
attribute it to an injury, although it is rathei difficult to account for the destruction 
of the delicate median isthmus between the ventral ends of the liyoidean and first 
branchial folds, placed as ft is m a very inaccessible situation, without any corre¬ 
sponding injury to the folds themselves. The third visceral cleft ( CL 3) is still open, 
but considerably reduced in size , the fouith (Cl 4) is closed. 

The allantois (All ) is now, as shown by the dotted outline, considerably laigcr than 
the head In other respects there is veiy little advance 

Sections of this embryo were made parallel to the long axis of the head, with the 
result of getting longitudinal sections of the anterior cephalic (figs 22-24), cervical 
(fig 33) and middle caudal regions, and transverse sections of the posteiior cephalic 
(figs 26-31), thoracico-lumbar (figs 31 and 32), and posterior caudal (fig 32) 
regions. 

Stage C (Plate 3, figs. 3 and 4) 

In this embryo, which corresponds in general features with a Chick of about the 
sixth day, there is a considerable alteration m form, accompanied by a slight increase 
in size. The total length from nostril to end of tail, measured along the curve of the 
back, is now about 30 mm., the greatest length across the curve about 8 mm 

As compared with the previous stages, there is a slight diminution of the cranial 
flexure, the general axis of the head being now as nearly as possible at right angles 
to that of the neck 

The fronto-nasal process (figs 3, 4, 35, and 36, Ft Na.P ) has appeared as a 
prominent distinctly bilobed elevation, and the nasal sac (Na.) has, m consequence, 
become more deeply set, so as to have the appearance, externally, of a longitudinal 
slit, and not of an open pit The superior maxillary process (figs. 3, 4, and 37) is 
also well developed, but runs much more nearly parallel to the mandibular arch (Mn.) 
than in the Chick 

The first visceral (mandihulo-hyoid) cleft (figs 3, 4, and 39, Cl l) has the usual 
relation, the second, or post.-hyoidean clefts (figs. 3, 4, 40, 41, and 42, CL 2) have a 
great vertical extent, and nearly meet with one another in the middle ventral line 
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(fig 40) The backward extension of the hyoiclean fold visible m the pievious stages 
has increased so as to form a true operculum (figs 3, 4, 41, and 42, Operc ), which 
completely covers the third cleft (fig 42, Cl 3), so that it is invisible m an external 
view The fouith cleft hes immediately behind the operculum, and is very probably 
only exposed by the shrinking of the latter as m the previous stage it no longer 
communicates with the exterior 

The retention of so obviously amphibian a character as the opeicular fold m the 
embryo of Apteryx appears to be a character of very considerable morphological 
interest I have not met wrth any record of rts occurrence m other Sauropsida 

The limbs are no longer mere semicircular buds, but have become elongated and 
flattened doiso-ventrally, and their distal ends are slightly dilated. The dispanty 
m size between the two pairs of limbs is now very obvious, the rudiment of the wing 
(F L) being hardly more than a third the size of that of the leg (H.L ) 

The specimen was sectioned m the same direction as the last (cj Plate 5) 

Stage D (Plate 3, fig 5) 

This embryo was unfortunately much damaged hy the collector during removal fiom 
the egg The head was severed from the body, the surface was considerably abraded, 
and, worst of all, both fore-limbs were destroyed. Measured along the curve of the 
back it is about 43 mm from the end of the beak to the end of the tail 

The advance beyond the preceding stage is very marked, avian characters being 
definitely assumed The general features correspond fairly with those of an eighth 
day Chick 

The head is rounded in side view, compressed laterally (Plate 9, figs 88-92), and 
produced into a short beak, slightly curved at the tip Owing to the damaged state 
of the specimen, I could not be perfectly sure of the position of the nostril, but from 
a careful examination of the entire embryo, and afterwards of the transverse sections 
into which it was cut, I feel tolerably certain that it was situated as m fig 5 (Na,) t 
that is, about half way between the base and the tip of the beak. 

The visceral clefts have disappeared, with the exception of the first (CJl. l), wdnch 
now forms the tympano-eustachian passage, and appears externally in its usual 
position below and behind the eye 

The neck is long and the tail very distinct The foie-limb, as already mentioned, 
was destioyed. on both sides I have mdicated its position and probable form by a 
dotted outline (F L ) The hmd-limb retains its embryonic position at right angles 
to the long axis of the trunk, and with its ventral or flexor surface directed mesiad 
There is no flexure at either knee or ankle, but the pes is marked out by being 
broader and flatter than the rest of the limb, and produced dorsally into low ridges, 
indicating the position of the three principal digits (2, 3, 4). The hallux (l) is an 
inconspicuous projection on the preaxial border of the foot. 

The specimen was cut mto a complete series of transverse sections, the head, neck, 
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and trunk being cut separately. Of tlie hind limbs horizontal sections weio taken, 
i e , sections parallel to the plane of the digits 

Stage E (Plate 3, figs 6 and 7). 

This very interesting stage is, like the last, represented by a single specimen a good 
deal damaged during removal from the egg The head was severed, and the whole 
surface abraded. The total length is nearly the same as in the last stage. 

The trunk has become straighten, but the tail is still large and curved. The head 
is rounded, and the beak proportionally longer than m the previous stage The tip of 
the beak was damaged, so that the position of the nostrils was not apparent in the 
entire embryo, but sections showed their position to be as indicated m the figure (TV a ), 
namely, at the extremity of the beak. Thus the unique position of the external nares 
in Apteryx is established at a comparatively early stage of development 

In the eye the rudiments of the sclerotic plates are obvious, and the opening of the 
lacrymal canal is visible as a small pit immediately in front of the eye 

The fore-limb is bent at the elbow at a right angle The manus is a tndactylo paw, 
being pioduced distally into three blunt projections, of which the middle one ( 2 ) is 
the largest, while of the other two the third (b), or postaxial, is slightly longer than 
the first (l), or preaxial, digit 

The hind-limb has also undergone a right-angled flexure at the knco, and at the 
same time the femur has rotated so that the combined crus and pcs—which are still 
m the same straight hue—are dnected backwards, having their preaxial bolder mesial, 
and their originally dorsal (outer) suiface looking downwards and forwaids. The 
muscles of the thigh have undergone a notable development, so that this region of the 
leg has already its permanent laterally compressed form. The pes is still short, but 
the second, third, and fourth digits (figs. 7, 2, 3, 4) are well marked out, they are still 
connected by membrane, so that the foot at this stage is distinctly webbed. The 
hallux (l) has the form of a short blunt projection on the preaxial border of the 
tarsal region 

In this embryo the brain was removed, and the base of the skull drawn from above 
The head was then imbedded, and sagittal sections of the left side cut until the mesial 
plane was reached, when it was turned, and the right half cut into transverse sections 
The pectoral and pelvic girdles of one side were exposed, sketched in sit A and 
removed, and a complete series of sagittal sections was then made of the trunk. The 
foie-limbs were then cut horizontally, i,e., parallel to the plane of the digits, one of 
the hind-limbs horizontally, the other sagittally, 1 e., at right angles to the plane of 
the digits. 

Stage F (Plate 3, figs 8 and 9). 

This stage is of great interest as being the first in which the generic characters aie 
fairly assumed; the long beak with its slightly curved tip, and sub-terminal nostrils 
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(Ha ), mark the embryo at once as referable to no other genus than Apteryx "From 
the fact that, as shown by sections, ossification is just about to commence m the 
larger bones of the limbs and the membrane bones of the skull, the stage may be 
taken to correspond with a Cluck of the eighth or ninth day. The entire length from 
tip of beak to end of tail is now about 60 mm The head has attained its maximum 
relative size 

The form of the head, apart from the beak, and the form and curvature of the 
trunk, are much the same as in the previous stage, but the tail is relatively smaller, 
and so are the eyes 

The fore-limb is now an undoubted wing , the second digit (fig. 9, 2) has grown out 
of all proportion to the first (l) and third (3), which form mere blunt projections on 
the pre- and post-axial borders respectively 

In the hind-limb the thigh is, as m the adult, hardly distinguishable from the out¬ 
side, the knee only just appearing beyond the general contour of the body. The 
mesotarsal flexure has appeared, and the toes are directed ventrad, The tarsal region 
has elongated considerably, the digits are quite free from one another, and have an 
almost regularly cylindrical form Theie is still no trace of claws The hallux (l) has 
undergone a considerable shifting distad, its adult position being nearly attained. 

The first rudiments of the feather-papillae are visible There is a well-marked 
dorsal tract (Dors Pt) extending from the occipital region to the rump , it occupies 
about the dorsal half of the circumference of both neck and trunk, and divides at the 
root of the tail-papilla, which is itself quite bare The dorsal pteiyla is continuous 
on each side with a weak and inconspicuous femoral tract (Fem.Pt ), and there is a 
small but well-marked humeral tract (Hum Pt) 

A dissection of this embryo was made from the left side, and the skull with the 
brain, the pectoral and pelvic girdles, and the ribs and sternum, were sketched m sit'd 
The head was then disarticulated, the brain lemoved, and the base of the skull diawn 
from above and from below, a model of the bram-case was also made in clay The 
head was then stained and embedded, and, as in the previous stage, sagittal sections 
of the left half and transverse sections of the right half were cut The shoulder and 
hip girdles and the sternum and ribs of one side were removed and mounted 
separately, and the trunk then cut into sagittal sections The wings were sectioned 
horizontally, while of the legs one was cut into horizontal, the other into sagittal 
sections. 

Stage G (Plate 3, figs. 10 and 11) 

One of the two embryos belonging to this stage (A oweni) was found to be crushed 
quite flat from side to side, apparently by the weight of the superincumbent yolk, the 
egg having been opened and placed entire m alcohol. The following description 
applies, therefore, to the specimen of A australis 

From the fact that the shafts of the principal long bones of the leg and the 
MDCCGXCI.—B. F 
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membrane bones of the skull have begun to ossify, this stage may be taken to coire¬ 
spond with a Chiek of about the eleventh or twelfth day. 

The total length from the tip of the beak to the uropygial papilla is about 90 mm The 
form of the head has undeigone but little alteration, but the relative length of the beak 
has incieased considerably Owing to the development of the eyelids the eyes appear 
much smaller than m the previous stage, the sclerotic plates being completely hidden, 
as well as the opening of the lacrymal duct. The nictitating membrane has appeared. 

The tail is 1 educed to a small rounded uropygium (figs 10 and 1L, Upcj ), 
immediately cephalad of which is a rounded area having its margin depiessed below 
the general level of the region, and devoid of feather papillae. This area, which is 
subsequently modified into the lips of the cloaca, has near its anterior margin a deep 
depression, from which springs a prominent papilla, bearing the cloacal apertuie 
(Clo op,), towaids the posterior (caudal) aspect of its summit 

The wing is relatively slightly smaller than m the previous stage, and has assumed 
quite the adult form, there being no trace externally of eithei the first or the third 
digit 

The legs have undergone a great increase m size , the dibits have lengthened very 
considerably, and each is now tipped by the rudiment of the horny claw, at the base 
of which is an annular fold of skin. 

The feather papillae aie now very prominent, especially on the rump. A distinct 
tiact has appealed on the dorsal surface of the head, and another on the ventral 
aspect of the neck extending a shoit distance on to the pectoral region, and becoming 
confluent with the humeral tiacts (Hum Pt ) 

A complete series of transverse sections was made of the head, neck, and trunk of 
the specimen of A australis, as well as horizontal sections of the wings and feet In 
A owem the skeleton was prepared by dissection. 

Stages H-K (Plate 3, figs. 12 and 13) 

From Stage H onwards the embryo has practically acquired all the adult characters, 
except that the feathers are hair-like, the barbs being still enclosed m a sheath of 
the stratum corneum 

Fig 12 shows an embryo of Stage J after removal of the feathers The dorsal and 
ventral tracts so distinct in Stage G, have met and coalesced on the sides of the 
neck, but on the trunk the lateral aptenum (Lat Apt.) is quite distinct, extending 
from the region of the wing backwards on to the rump There is also a well-marked 
ventral space [Vent.Apt), and the whole inner (ventral) aspect of the wing is devoid 
of feathers, forming an inferior alar aptenum (fig. 13, Inf.Al.Apt). The remiges are 
no larger than the contour feathers, and as m all other stages the uropygium ( Upg,) 
is naked, presenting no feathers round its base which can be identified as rectnces. 

As compared with the previous stages the relative diminution in size of the head, 
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the elongation of the beak, and the immense increase m all dimensions of the legs, 
are particularly noticeable 

My observations on these stages, as well as on many of the previous ones, relate 
exclusively to the skeleton and the brain Most points weie made out by dissection, 
but verification by senal section was constantly lesorted to, the wings of several 
specimens being examined m this way, as well as the entire head of an example of 
A owem belonging to Stage H 

Neither m these nor m any of the previous stages was there any trace of the little 
rounded caruncle, or “ egg-breaker,” on the end of the beak, which is so marked a 
feature m most Carinate Birds My Father tells me that he knows of no other bird 
m which it is absent, I have myself obsetved it m Gulls, Petrels, Ducks, and 
Penguins, but there is no trace of it m the advanced embryo of a Dottrel ( Chamchius 
bicmctus ?) m my possession It is not indicated m Miss Lindsay's figures of Ostrich 
embryos (19, Plate 43), and, according to Rolleston and Hatchett Jackson (48, 
p 379), it is not always present 


III —REMARKS ON THE EXTERNAL CHARACTERS OE THE ADULT 


It is constantly stated m zoological works that the ftatifcm are distinguished by an 
uninterrupted pterylosis Nitsch says (23, p. 118) that “the whole body, with the 
exception of the constantly naked parts of the head and neck, the naked band on the 
breast along the crest of the sternum, the tarsi, and, m the African Ostrich, the legs 
and the sides of the trunk, is covered, after the fashion of Mammals, with a homo¬ 
geneous feathery coat” This statement is practically lepeated by Furbringer (11, 
p 1010) and by Wiedersheim (52, p. 31), to mention only two important modem 
works which deal with the question Pterylse and aptena are, however, shown m 
Miss Lindsay’s figures of Ostrich embryos (19, Plate 43), but they are only briefly 
referred to m the explanation of the plate 

In the adult Apteryx , as m advanced embryos, the pterylosis is by no means unin¬ 
terrupted. In a fresh specimen of A bulled I find the lateral aptenum to be fully 
2 cm wide, and to extend about 5 cm. cephalad and 9 cm caudad from the axilla, its 
total length being therefore about 14 cm In the same specimen, the ventral or 
inferior space was of about equal width (2 cm), and extended about 11 or 12 cm. 
caudad from between the origins of the wings. Moreover, the inner (ventral) surface 
of the wing is always nearly devoid of feathers (Plate 3, fig. 15), and so constitutes 
a well-marked lower wing-space 

According to Nitsch, the function of the lateral aptena “ seems to be, not only the 
facilitation of the movements of the wing, but likewise to serve for the reception of 
the folded wing, m such a manner that it may be suppoited upon the feathers of the 
branch of the ventral tract ” It seems reasonable, on this view, to suppose that the 



36 


PROFESSOR T J PARKER ON THE ANATOMY 


presence of a large lateral space is evidence of the wings having been larger m the 
ancestors of the Kiwi than in the existing genus. 

I find, however, that the space m question has a definite function m connection 
with the attitude assumed by the bird during sleep According to Potts (46), “ the 
mode of loostmg is very peculiar, they squat opposite each other with their legs bent 
under them, each with its head tucked under the scanty apology for a wing.” Careful 
observation of living specimens of both A australis and A. balien shows that this 
statement is not quite correct When a Kiwi is settling down to sleep it squats as 
described, resting upon the whole length of the foot, the rump being m contact with 
the ground, and the trunk at an angle of about 45°. The head, aftei a little preliminary 
fidgetting, is then turned round to the right, and the beak gradually worked under the 
side feathers, apparently until the lateral apterium is found by its sensitive tip it is 
then somewhat quickly thrust backwards beneath the feathers—the action resembling 
that of sheathing a sword—until it is completely hidden On carefully turning the 
feathers aside without disturbing the bird, it was found that the beak was placed 
along the lateial apterium, with its base immediately cephalad of the axilla. As the 
wing is so placed in the position of rest that the upper arm is directed fiom the axilla 
upwards and backwards, the base of the beak lay in a kind of tiough, bounded 
mesiad by the trunk and laterad by the wing, the naked elbow being veiy obvious as 
a small flesh-coloured projection just external to it. In tins position the distal portion 
of the wing is thrust somewhat outwards, and its feathers—remiges and upper coverts 
—appear externally, taking a direction downwards and backwards over the ordinaly 
contour feathers of the trunk. 

It is rather significant that this is precisely the attitude of a Goldfinch or Canaiy 
when asleep, the beak m these cases being over (dorsad of) the axilla and therefore, of 
course, under the spreading side feathers. Perhaps the facts may be explained 
by supposing that during the evolution of the genus Apteryx , the great lateral spaces 
were retained as resting places for the increasing beak, although no longer useful for 
the reception of the diminishing wings 

Another fact which appears to me to tell m favour of the derivation of Apteryx from 
a progenitor with well developed wings, is the fact that the wing is provided with a 
true alar membrane. Both Owen’s figure (24, Plate 1, fig. 4), which shows the wing 
of A, australis from the outer side with most of the feathers removed, and Buller’s 
(7, Plate 12, fig 6), which shows that of A. bullen from the inner side with the 
feathers in sit'd, are apparently taken from somewhat shrivelled specimens. The 
wing of a perfectly fresh specimen of A. bulleri is shown in figs. 14 and 15 (Plate 3) . 
it has, precisely as in typical Carinatse, a distinct fold of skin, or pre-patagium, passing 
between the upper arm and fore arm, as well as an equally well marked fold, the 
post-patagium, between the postaxial border of the upper arm and the trunk 

The characteis of the alar claw do not appear to have been described with any 
accuracy, and are of some interest as seeming to furnish a very fair specific character. 
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As fai as my experience goes, the alar claw of A owem is always soft and weak, 
gently curved, about 4 mm. long, and of a light born colour (Plate 17, fig 243) That 
of A hciastn is quite similar, but sometimes even smaller the left claw of the 
supposed female specimen m the Canterbuiy Museum being only 3 mm long , in the 
supposed male, Piofessor Hutton informs me it is about 9 mm long, much curved and 
white In A australis it is about 6-8 mm long, gently curved, and of a kght horn 
colour, blotched with black (fig 241) Lastly, in A bullen , it is strongly curved, 
from 6 to 18 mm long, and quite black (figs 245 and 246). It seems to be constantly 
larger m the male than in the female, and often differs on the two sides of the body 

As to the form and arrangement of the wing feathers, Yarrell (55) in the earliest 
accurate description of Apteryx , states that these do not differ fiom the feathers of the 
body generally, and apparently Owen (24, p 3) was the first to point out the presence of 
remiges , he says “ nine quasi-quill-plumes, not exceeding in length the ordinary body 
feathers, but with somewhat thicker shafts, aie arranged m a linear series along the 
ulnar margin of the antebrachium ” Flower’s observations referred to by Wray (54) 
are not mentioned m the abstract of his lecture on the Wings of Birds (9), but 
m answer to my enquiries, Professor Flower was good enough to inform me that he 
had found eight cubitals and one metacarpo-dlgital m the specimen of A. owem 
mounted for the British Museum, but that several feathers of both sets appeared to be 
wanting as the bird was moulting 

According to my own observations, made chiefly upon two fresh specimens of 
A bullen, and confiimed upon examples of the other three species, there are nine or 
ten cubitals (figs 14 and 15 Oubit ), of which the five distal (Nos. 1-5) aie larger than 
the rest, two or three metacarpals ( Mtcp ), and a single mid-digital (Mid dig ), the 
latter being usually smaller than the rest The formula for the remiges is theiefore 

Md 3-4 (m 2-3, d 1), C 9-10 

On the outer side of the wing there is a iow of well-maiked tectnces majores (fig. 14, 
Tect maj.), which correspond accurately with the remiges m the distal portion of the 
senes, but towaids the proximal end of the row of cubitals become more or less 
irregularly arranged. The remaining upper coverts are not definitely disposed in 
rows, so that there is no distinction between tectnces mediae, tectnces’ unnores, and 
marginals. The few feathers on the under or inner side of the whig aie all directed 
proximad or towards the axilla (fig. L5), not distad like the upper coverts 

In microscopic structure the feathers agree with those of Rhea as described by 
Furbrinuer (11, p. 1482). The barbules (Plate 3, fig 16) are beset with regularly 
arranged pointed barbicels slightly curved outwards at their tips, and, as far as my 
observations go, larger in the unhatched embryo than in the adult 

On the whole it appears to me that the stiucture of the wing of Apteryx lends 
support to the view that the Batitse are the descendants of Birds which possessed the 
power of flight, a view which, I believe, Owen was the first to advance In spite of 
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Miss Lindsay’s conclusions from her study of the development of the sternum (19), 
and Wray’s from his researches on the wmg (54), I am still disposed to think that 
the balance of evidence is m favour of the hypothesis to which I was led by a study 
of the flightless Rallidse (26), that the Ratitse spring from a proto-carinate stock, a 
theory which has recently received strong support from the researches of Furbringer 
(11) and of Gadow (13) 

It has always seemed to me that, on the hypothesis of its development from an 
ordinary Reptilian foie-limb, eg , that of a Dinosaur, the wing is one of the most 
striking examples of the uselessness of incipient structures If, on the other hand, 
we suppose it to have been evolved from a patagium which gradually diminished 
pan passii with the development of its scales into feathers, the difficulty of its first 
origin is overcome and the presence of the alar membranes is explained. 


IY—THE LAW OF GROWTH 
(Plates 6 and 7 ) 

A very interesting mode of comparison of aberrant—either highly specialised or 
highly generalised—forms with their moie typical congeners, is furnished by observa¬ 
tion of the relative rate of growth of various regions of the body from an early stage 
ol development to adult life The difference between the law of growth of Man and 
of the other Primates is an example which will occur to eveiyone I think it will ho 
useful to furnish materials towards an enquiry into the general law of growth m Birds 
by giving a series of measurements of the various stages of Apteryx , as is done in 
Table A. In the adult it will be seen that measurements of both sexes are gLven m 
the case of A australis and A owem of A. bullen I have been able to measure 
only a single skeleton. Tins is, however, of comparatively little importance since 
A. australis and A. bullen agree with one another so closely m size and proportions. 
Moreover, as already stated (p 28) the so-called A. maxima, of which measuiemeuts 
are given, is probably referable to this species 

Measurements are also given of a skeleton which I have named doubtfully 
A. haastn, a species which was founded by Potts (45) upon two skms from the 
west coast of the bouth Island and now in the Canterbury Museum. By the kindness 
of Professor Hutton, at that time acting Director of the Museum, I was enabled to 
examine the wing of one—the supposed female—of the type specimens, and found it 
to differ from all examples of A. australis (which it resembles in size) and to agree 
with A owem m the possession of a distinct radiale in the carpus (seep, 93, and 
Plate 17, fig. 250), and in the characters of the alar claw (p 37). 

The doubtful skeleton referred to was obtained near Cape Providence, on the west 
coast of the South Island, in 1881, by a collector named Wheeler, who left it in the 
landing shed of the Puysegur Point Lighthouse before starting for another expedition 
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from which he never returned The skeleton was found by the lighthouse keeper, Mr. 
J. W. Cunningham, and given to my taxideimist, Mr. E. Jennings, to whom I am 
indebted for the opportunity of examining it. It presents the following peculiarities 
—It is as large as an average female A. australis , but the beak is little longer than in 
the male of that species and proportionally no longer than that of A. oivem (see 
Table B) The left manus has a distinct radiale (Plate 17, % 251), and the alar 
claw, which was present on both sides, is small and light coloured, as in A haastii 
and A owem The sternum also (Plate 16, fig 210) is unusually long. These 
characters by no means prove the skeleton m question to he anything more than a 
somewhat aberrant example of A australis, but they are enough to warrant separate 
measurements being given 

In addition to the Table (A) of actual measurements, another (B) is given in which 
comparison is facilitated by taking the length of the vertebral column as — 100 and 
expressing the remaining measurements as percentages. It is only by using some 
such method as this that the changes of proportion of various parts of the body 
during the course of development can be clearly shown. In comparing Nolorms with 
other Bails (26) I took as my standard the length of the trunk as measured from the 
anterior end of the coracoid to the posterior end of the pelvis ; Eukbringer (1 1) 
employs for the same purpose the length of a thoracic vertebra. But both these 
methods would preclude the comparison of the earlier stages, and on the whole I am 
disposed to think that the standard here adopted answers the purpose satisfactorily. 
Graphic representations of the same facts are given in Plates 6 and 7. In fig. 45 the 
various parts of the body ar represented m a conventional manner, the vertebral 
column being made m each case 100 mm long, and the head, limbs, etc., m proportion. 
In figs 46-49 the curves of growth of certain important regions are shown separately. 

The following are the most important results obtained by this method of enquiry. 

The bram-case remains of about the same relative size up to Stage E, when it 
begins to grow less rapidly than the vertebral column. The age at which its ultimate 
or minimum proportional size is attained is not known, but in a young bird several 
weeks old (Stage L) it was not yet reached 

The beak, which is undeveloped in the first three stages, is of about the same size 
in I) and E , in F it has undergone a notable increase , in G it is of the same length 
as the brain-case, and its maximum proportional length is attained m H. It is 
worthy of remark that, as shown in Table B and fig 46, the proportional length of 
the beak is nearly the same in the two sexes, although its absolute length is so much 
greater m the female; m A owem, indeed, the beak of the male was found to be 
relatively longer than that of the female, but this was very probably an individual 
variation. 

The sternum (fig. 47) attains its maximum in Stage E, thereafter undergoing but 
little variation m relative size It is important to note, however, that up to* Stage G 
the postero-lateral processes are not formed (Plate 16, figs. 216-218), so that its 
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potential is very much greater than its actual length, and the comparison with later 
stages is hardly fair 

The shouldei-girdle (fig 47) hardly changes m proportional size from the time it 
was first observed (Stage E) The coracoid is of much the same size in all species, 
hut the scapula appears to be longest m A oweni 

The pelvis (fig. 47) attains its maximum in Stage F, remaining about the same 
throughout life, save foi what are probably individual variations, m A oweni, but 
increasing slightly after hatching (Stage K) m A australis In all the skeletons 
examined the relative size of the pelvic girdle was slightly greater m the male than 
in the female 

The fore-limb (fig 48), taken as a whole, increases pretty legularly up to Stage F, 
and then remains stationary, subsequent vanations being obviously individual The 
variations m the two sexes and m the different species, m the adult, would probably 
disappear if the average of a sufficiently large senes of specimens was taken As to 
the separate divisions of the wing the only point worthy of mention is that in 
Stage E the manus is longer than the antebrachium, while m F the two are of the 
same length, and m G the adult proportions are attained. 

The curve of growth of the hind-limb is very different (fig 49). The entire limb 
mcreases rapidly and with but slight fluctuations, due no doubt to the observations 
being made on single specimens, from 4 4 per cent, of the vertebial column m 
Stage A to 104 6 per cent m Stage K. In the adult it varies from 88 per cent. 
u australis, 9) to 98 per cent, (A australis , <$), thus undergoing a relative 
diminution m size between the time of hatching and the attainment of fully adult 
proportions It is quite possible that this rather remarkable lesult is to be put down 
to individual variation, but I hardly think so, as the three specimens belonging to 
Stage K and the smgle specimen of Stage L (not shown m the diagram) all have the 
hind-limb more than 100 per cent of the vertebral column, while m the adult it was 
below 95 per cent m six out of seven skeletons measured. 

The four divisions of the limb—femur, crus, tarso-metatarsus, and middle (third) 
digit—increase m much the same manner as the whole limb, the only point worthy of 
special mention being the fact that the middle digit is at first (Stages D and E) not 
more than half the length of the tarso-metatarsus, while from Stage E onwards it 
gradually increases until the two divisions of the foot are of equal length m H. This 
proportion is retained as far as L, but in the adult the middle digit is, in seven 
skeletons measured, slightly shorter than the tarso-metatarsus So that in the 
relative proportions of the two divisions of the foot, as m that of the entire hmd- 
limb, the maximum differentiation appears to be attained about the time of hatching, 
a retrogression towards moie embiyomc proportions taking place subsequently. 

As to sexual and specific differences I find that the legs of the male are relatively 
longer than those of the female In the skeletons examined the legs of the male are 
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proportionately longer in A australis than in A. oweni, while m the female the 
reverse is the case This, again, is very probably a matter of individual variation 
A brief statement of the law of growth m Apteryx is given in the Summary 

(p 111) 


V—THE SKELETON 

The detailed accounts of the skeleton of Apteryx by Owen (24), Blanchard (6), 
and Mivart (21), lender any full account of the geneial adult osteology quite 
superfluous The observers refened to have, however, only had the opportunity of 
describing adult or sub-adult specimens Then material has, moieover, consisted of 
a small number of examples, so that they have been unable to take account of the 
individual vanations, some of which, as will be seen hereafter, are of considerable 
interest -» 

I propose, therefore, to begin my account of each portion of the skeleton by 
describing somewhat fully either the condition of the pait m question m the ripe 
embryo, m which the various ossifications aie distinct, or the adult structure m 
cases where, owing to paucity of material, the descriptions of former observers are 
imperfect 

I have found it convenient to add two new teims to the general terminology of the 
skeleton An independent cartilaginous element or centre of chondnfication is called 
a chondnte, an independent bony element or centre of ossification an osteite, both 
words being formed on the model of the well-known entomological term “sclerite.” 

1 The Skull 

a. At the Time of Hatching (Stage K). 

(Plates 8 and 9.) 

Owen’s descriptions of the skull (24) are taken from a fully adult specimen of 
A. australis , and from one m which the frontal and left half of the coronal* sutures 
were persistent The skull of the same species figuied by Blanchard (6) had the 
sagittal, coronal, and middle third of the lambdoidal sutures open, and many of the 
membrane bones were distinct, but the bones of the basis cranu were umted, and the 
turbmals do not appear to be shown 

In the skull of Kiwi chicks, either shortly before or shortly after hatching, all the 
ossifications have appeared, and the only ankyloses are those between the right and 
left premaxillse, dentanes, and splenials, and between the basi- and para-sphenoids 
After maceration the membrane bones are readily detached 

* Both in Owen’s original monograph and m the repunt the coional suture is, obviously by a printer’s 
error, called sagittal 

G- 2 
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Figures of the entire skull and of the separate membiane bones are given m 
Plate 8, figures of the chondroeranmm in Plate 9 Sections through important 
regions in a somewhat earlier stage (H) are given m Plates 12-14, and will be 
occasionally referred to. 


The Chondroeranmm 

By the removal of all the membrane bones, except the already ankylosed 
parasphenoid (basitemporal plus rostrum) the chondrocianium (Plate 9, figs. 75-77) 
is obtained as a basm-shaped mass of mingled bone and cartilage, produced m front 
into the elongated olfactory capsules (fig 75, EcEth) and prenasal lostrum 
(Pr Na). The short basis crann (B Oc , B Sph ) is continued behind into the 
occipital arch (SOc), and on each side into the auditory capsules (Pr Ot ), and 
alisphenoids (Al Sph.), while in front it bears the deep, transversely elongated, 
pituitary fossa (Pty F.) 

All the cartilage bones of the fully developed cranium have appeared, and, with 
the exception of the isolated etbmo-piesphenoid bone (Eth Pr.Sph ), are sepaiated 
from one anothei by narrow synchondroses. 

The basioccipital (B Oc ) is roughly pentagonal in foim, and bears posteriorly the 
transversely ovoid occipital condyle (Oc On) Its anterior border is separated by a 
narrow synchondrosis from the basisphenoid ( B.Sph ), while by its antero-lateral 
borders it is similarly related to the prootics (Pr Ot.), and by its postero-lateral 
borders with the exoccipitals (Ex Oc) Its dorsal surface is nearly flat, its ventral 
surface bears, immediately cephalacl of the condyle, a tianversely oval depression 

The exoccipital is already partly ankylosed to the periotic. Externally it forms 
the greater part of the ventro-lateral region of the posterior surface of the cranium 
(fig. 53) , but internally (fig 56) it appears only as a narrow strip of bone bounding 
the foramen magnum It is pioduced laterad into a large paroccipital process 
(paoepr) covered with cartilage, which forms the posterior wall of the tympanic 
cavity (fig. 77) On its inner or cranial surface (fig. 56) it is separated from the 
opiethotic by a deep groove, m which is situated—bounded on all sides by the 
exoccipital—the foramen for the ninth and tenth nerves (Nv IX, X ) The twelfth 
nerve makes its exit through a number of small foramina (figs 51 and 76, Nv XII.) 
in the postero-mferior region of the bone Part of the horizontal semicircular canal 
( HSC) lies m the exoccipital, and the vertex of the anterior canal (A.S.C.) is 
situated at its junction with the prootic and supraoccipital. 

The supraoccipital ( S.Oc .) is a squarish bone articulating by its dorsal border 
with the panetals (Pa.), separated laterally by synchondroses from the exoccipitals 
and periotic (fig. 56), and ventrally forming the upper border of the occipital foramen. 
For the greater part of its extent it is extremely thin, but its ventral border is 
thickened and hollowed out by air cavities continuous with those of the periotic 
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(figs 75 and 77, pnc ), and its lateral border bears a deep pit for the vertex of the 
anterior semicircnlai canal 

The prootic (Pr Ot) is already fused in great part with the exoccipital, the two 
bones being inseparable after prolonged maceration, although the hands of cartilage 
separating them are well shown on the inner surface of the skull (fig 56) It is a 
large irregular bone, appearing but little on the outer surface, where it foims the 
mesial wall of the tympanic cavity (fig 52), but internally forming a great part of 
the postero-ventral region of the bram-case (figs 56 and 75) Its doisal suiface is 
flattened, and pioduced mesiad into an obliquely horizontal ridge, which extends fiom 
the junction of the prootic, exoccipital, and supi aoccipital forwaids and downwaids 
to the tugemmal foramen (Nv V 2,s ) Under the eaves of this ridge on the mesial 
surface of the prootic are two recesses, the hindmost of which is the deep floccular 
fossa (fig 56,flcf), while the foremost is a shallow groove containing antenorly a 
foramen for the exit of the seventh nerve (Nv VII), and posteriorly two small 
apertures for the eighth (Nv VIII) Yentrad and slightly caudad of the auditory 
foramina are three small apertures, which transmit lesser blanches of the eighth 
nerve The flattened dorsal surface of the prootic presents low elevations, marking 
the positions of the an tenor and horizontal semicircular canals (A S C , HSC), 
these are best seen when the chondrocramum is examined in turpentine by trans¬ 
mitted light Its posterior face is closely applied to the exoccipital, with which it is 
partly ankylosed, and between the two bones the dorsal edge of the chondrocramum 
presents a large tiough-like pneumatic cavity (figs 75 and 77, pnc), divided 
transversely by a bridge of cartilage, and closed m the entire skull by the juxta¬ 
position of the parietal and squamosal (figs 62 and 69, pn c and Plate 14, fig 170). 
The lateral surface of the prootic furnishes the inner wall of the tympanic cavity, 
it is honey-combed with air cells, and presents dorsaliy a circular facet covered with 
cartilage (figs 76, 77, and 78, qu l ) for the inner articular process of the head of the 
quadrate (fig 79,prot ) Near the boundary of the prootic with the exoccipital is 
the fenestral recess, containing the fenestra ovalis (fig 77, fov ) and the fenestra 
rotunda ( f.rot ,), and a short distance cephalad of this lecess is the aperture (figs 56, 
77, and 78, Nv VII 1 ), by which the portio dura enters the tympanic cavity 

The opisthotic (fig 56, and Plate 14, fig 171, Op Ot) is clearly seen on the inner 
surface of the auditory capsule, as a narrow bone wedged m between the prootic and 
the exoccipital, and separated from each by a very narrow synchondrosis In its 
deeper portion it is ankylosed to these bones. 

There is no trace of epiotic or sphenotic ossifications, both of which occur m the 
Chick (44, pp 242 and 249) at the time of hatching or a little later 

The basisphenoid (B Sph ) which is already completely united with the para- 
sphenoid (basiterapoial, B Tmp , and rostrum, Rost) has an irregularly hexagonal 
form as seen from above (fig 75), and is wedge-shaped in sagittal section (fig. 56), 
being quite thin where it joins the basioccipital, and mcreasing in thickness towards 
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the pituitary region By its posterior bordei it is connected by synchondrosis with 
the basioccipital, by its postero-lateral border with the prootics, by its antero-lateial 
borders with the alisphenoids, and by its anterior bolder with the presphenoid. 
Immediately caudad of the veitical posterior edge of the presphenoid (fig 56, Pr.Sph.) 
the dorsal surface of the basisphenoid is deeply excavated to form the transversely 
oval pituitary fossa (Pty F) 

Ventrally, as already stated, the basisphenoid is completely fused with the elements 
of the parasphenoid Of these, the rostrum (Rost.) is a slender bone ciescentic in 
cross section (Plate 13, figs 155-160) and closely applied to the vential odge of the 
mesethmoid The basitemporal (B Imp) projects beyond the basisphenoid both 
caudad and laterad, forming paired processes which overlap the basioccipital (figs 51 
and 76). Between these wing-like processes the posterioi edge of the bone is emargi- 
nate, and m one specimen presents a small median notch (tig 76, p bar Jo) 
indicating the position of *the closed posterior basicianial fontanelle (cf Plate 10, 
figs 108 and 109, and Plate 14, figs 173 and 174, pbcr.fo). Laterally, the com¬ 
bined basi- and para-sphenoid is produced into the paired outstanding basipterygoid 
processes (Pptgpr.), which are tipped with cartilage, and immediately caudad of 
these are the pretemporal wings (figs. 51, 76, and 78, Pr.Tmp.), which, closely 
applied to the prootics, help to enclose the anterior tympanic recesses. 

On the ventral surface of the basitemporal are paired oblique grooves (figs. 51, 
jEusT) traceable backwards into the tympanic cavities, they lodge the Eustachian 
tubes, and m later stages become arched over by bone. In the postero-latoial region 
of the bone is the well-marked carotid foramen (Ini Car.), This leads into a canal 
which passes foi wards, upwards, and inwards, to open with its fellow into the 
posterior region of the pituitary fossa immediately beneath the dorsum sellse (fig. 56, 
j Int.Car). 

On the dorsal surface of the basisphenoid, near the middle of its antero-lateral 
border, is the minute foramen for the sixth nerve (fig. 75, Nv. VI .), it leads into a 
canal which passes forwards and slightly upwards and outwards and enters the orbit 
immediately ventrad of the oibito-nasal foramen (figs 52 and 77, Nv. VI.). 

Immediately dorsad of the basipterygoid process is a small round foramen 
(fig 77, na) which leads into the interior of the basisphenoid: it piobably 
transmits a nutrient artery 

Fuither particulars of the internal stmeture of the basisphenoid will be given m 
the description of the skull in stages H and I (pp 66 and 70). My material did 
not allow of my making thin sections of the present stage, and, indeed, such a course 
was unnecessary as the differences between stages H, I, and K are comparatively 
slight. 

The ahsphenoid (Al Sph ) is an irregular concavo-convex bone united by cartilage 
with the anterior border of the prootic and with the antero-lateral border of the basi¬ 
sphenoid Between it and the prootic is a large rounded foramen (Nv, V. 2> z ) for the 
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exit of the second and third divisions of the trigeminal, on the inner surface of the 
skull this foramen lies immediately m front of the anterior tei ruination of the prootic 
ridge, externally it is just above the anterior tympanic recess. From the anterior 
border of this trigeminal foiamen a groove is continued forwards on the inner face of 
the synchondiosis between the alisphenoid and basisphenoid, and ends m a foramen 
(Nv. V. ] ), which enters the orbit and transmits the first division of the fifth nerve, it 
may, therefore, be called the orbito-nasal foiamen It is erroneously stated by Owen 
(24, p 28) that the first division of the fifth passes out along with the optic, 
oculomotor, and abducent nerves through the optic foiamen, and that the second and 
third divisions make their exit respectively through the “ foramen rotundum ” 
(= orbito-nasal foramen) and “foramen ovale” (= trigeminal foiamen) The actual 
condition of things I have verified both by dissections, and by a complete series of 
microscopic sections of stage H 

On the outer surface of the caitilaginous junction between the piootic and 
alisphenoid, and extending on to the latter bone itself, is a rounded, slightly concave 
cartilaginous facet (fig 78, qu 3 ), m contact with but clearly distinguishable from a 
similar facet to be described hereafter (p 54) on the squamosal (qu. 5 ). To this 
double surface is articulated the external process of the head of the quadiate 
(fig. 79, sq) 

The anterior sphenoidal region of the skull is wholly caitilaginous, there being 
neither pie- nor orbito-sphenoidal ossifications. The 'presphenoid (Pv Sph ) is repre¬ 
sented by a vertical plate of cartilage which passes msensibly into the mesethmoid 
(MEth , fig 56) m front, and behind is continuous by its lower fourth with the basi¬ 
sphenoid Its ventral border is thickened and underlaid by the lostrum (fig 159, 
Pr Sph , Rost ), its dorsal border is produced laterad into small paired wings of 
cartilage (fig 75, Pr Sph), each of which is continued into a narrow band of the 
same tassue ( Orb.Sph) passing outwards and slightly backwards to unite with a 
small bony process on the anterior border of the alisphenoid The study of earher 
stages shows that these outgrowths of the presphenoid are the greatly reduced oibito- 
sphenoid plates (cf Plate 9, fig. 85, Plate 10, figs. 96, 97, 104, 105 ; and Plate 11, 
figs 123 and 125, Orb Sph) 

The optic foramina (Nv. II) are situated m the pituitary fossa, one on each side of 
the presphenoid, their mesial borders being about 3 mm apart Each is bounded 
above by the orbitosphenoid bar, below by the basisphenoid. m front by the pre¬ 
sphenoid and antorbital plate (mde infra), and behind by the alisphenoid. The third 
and fourth nerves make their exit through the connective tissue filling up the postero- 
dorsal region of the optic foramen, the fourth lying dorsad and slightly laterad of the 
oculomotor. 

The mesethmoid (M Eth ), as already stated, is continuous behind with the pre¬ 
sphenoid. In its posterior region it is a plate of considerable vertical extent, and its 
dorsal border, which is concave from before backwards (fig 56), separates the olfactory 



48 


PROFESSOR T J PARKER OK THE ANATOMY 


£osseb from one another, and has the relations of a crista galli (figs 75 and 77). At 
its anterior end the crista galli is produced into a pointed piocess (figs 56 and 77, 
tgpr), which, as my Father has pointed out, is to be looked upon as a vestige of the 
cartilaginous tegmen crann of the lower "Vertehrata it may be conveniently called 
the tegmmal process At the apex of this process the mesethmoid reaches the outer 
surface of the skull (fig 56), and, with the adjacent portions of the ectoetlimoicls, 
forms a lozenge-shaped area (fig 50, EthPrSph) between the posterior ends of the 
nasals. Ceplialad of the tegmmal piocess the mesethmoid gradually diminishes m 
vertical extent, becoming, m the antenor portion of the beak, the pod-hke prenasal 
cartilage (Pr Net) It is for the most part more or less pyriform in transverse 
section, its ventral border being greatly thickened (Plate 13, figs 152-158) None 
of my specimens of this stage, or, indeed, of any other except G (see p. 12G), show 
any trace of the fenestra m the mesethmoid figured by Blanchard (6) 

No clear distinction can be drawn between aliethmoid, aliseptal, and alinasal 
cartilages (cf. 31) any more than between presphenoid, mesethmoid, septum nasi, and 
prenasal The dorsal border of the mesethmoid, from the tegmmal process forwards 
to within about 2 cm of the end of the beak, sends off horizontal plates on each side 
(figs. 75-77 and Plate 12, figs 152-156, Ec.Eth.) * these pass at first outwards, then 
downwards, and finally, in a portion of their extent, inwards, thus forming the roof, 
the outer wall, and m part the floor of the olfactory chambers. They may bo called 
by the general name of ectoethmoidal plates. 

The precise relations of the ectoethmoids vary in different regions, and it is 
convenient to consider them as consisting of five portions In the fifth or posterior 
portion [Ec.Eth. 5), besides passing outwards and downwards, they sweep directly 
backwards, thus forming an almost complete shell-like covering for the principal 
portion of the olfactory organ, i.c., that part which extends backwards into the orbits 
(see especially fig 77, Ec.Eth 5). To this region of the ectoethmoidal plate the 
name aliethmoid might be restricted. Each aliethmoid is a thin plate of cartilage 
with convex lateral and caudal (posterior) surfaces, its lateral surface is dilated 
anteriorly, so as to form the well-marked convexity against which, in the entiro skull, 
the lacrymal is applied (figs. 50, 52, 75, 77, Ec.Eth 5, Lac ); its dorsal bolder, which 
is concave from before backwards, forms the outer or lateral boundaiy of the olfactory 
fossa (figs 75 and 157), its posterior border is closely applied to the presphenoid and 
becomes fused with it dorsad, its ventral border is m close contact with the pie- 
sphenoid and mesethmoid immediately dorsad of the rostrum; its flattened ventral 
surface (fig. 76) ends in front at its junction with the fourth portion of the ecto- 
ethmoid [Ec.Eth. 4), and presents a deep emargination which separates a slender 
forwardly directed process (figs. 76, 77, and 157, a.) from the main part of the 
cartilage It is the posterior face of this cartilage winch forms the anterior wall of 
the orbit, and is often called the antorbital plate 

In its fourth portion (Ec Eth, 4) the ectoethmoid furnishes only roof and side 
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walls io the olfactory chamber, not being turned inwards to form a floor for the 
cavity as a consequence of this, the turbmals are here visible in a ventral view of the 
entire chondrocranium (figs 76, 155, 156) Immediately cephalad of its junction with 
the fifth portion, the lateral region of the fouith is sunk inwards so far as to form an 
obliquely longitudinal depression (figs 76 and 156, A A Trb ) of consideiable depth, 
and lying, m the entire skull, at about the level of the descending process of the 
nasal (cf figs 56 and 77) The mvagmation thus produced projects into the olfactory 
chamber as the anterior accessory tuibmal (vide infra , p 50), and lodges the antero- 
dorsal bianch of the antrum of Highmore 

In its third portion (Ec Eth 3) the eetoethmoid is again turned inwards ventrally 
m the form of a plate with a straight mesial bolder abutting against, the mesethmoid, 
and with oblique anterior and posteuor edges (figs 76, 153 and 154, Eg Eth 3) At 
the anterior end of this plate, near its ventral border, is a small arterial foramen 

The second portion of the eetoethmoid (Ec Eth 2), like the fouith, furnishes only 
a roof and outer wall to the olfactory chamber (figs 76 and 152) Lastly, m its first 
or anterior portion (Ec Eth l) it is unconnected with the mesethmoid (prenasal), and 
has the form of an obliquely placed band of caitilage which is continued to the end of 
the beak, passing dorsad of the nostnl, curving outwaids as it does so, and then turn¬ 
ing gently downwards, hook wise, immediately cephalad of the anterior termination 
of the olfactory sac (figs 75-77 and 149-152) To this plate the name alinasal 
might be applied, but owing to the unique position of the nostrils in Apteryx the 
relation of this as of other parts of the olfactory capsule is strikingly different fiom 
what we are familiar with m other birds 

There is a single ethmoidal ossification (figs. 50, 56, 75, 77, EthPrSph) m the 
form of a bone composed of horizontal and vertical portions, and therefore T-shaped 
m transverse section The horizontal portion (fig 75) is shield-shaped, and appears 
on the surface of the skull between the posterior ends of the nasals (fig 50) it is 
marked dorsally by a pair of sigmoid grooves (fig 75) laterad of which it is covered, 
in the entire skull, by the nasals. The vertical portion ossifies the whole postero- 
dorsal region of the mesethmoid (fig. 56) and ends below m a rounded border The 
bone m question is obviously partly mes- and partly ecto-ethmoidal moreover, it 
subsequently extends caudad so as to ossify the presphenoid, so that it may be con¬ 
veniently called the ethmo-presphenoid 

One of the most striking characteristics of the skull of Apteryx is the extreme 
complexity of the turbmals When the mesethmoid is removed (fig 57) there are 
seen in the olfactory chamber pioper four well-marked obliquely vertical folds, while 
a fifth is continued into the narrow or respiratory portion of the nasal cavity The 
three hindmost of these folds aie perfectly distinct from one another, and I propose to 
call them respectively the anterior (A Trb ), middle (M.Trb) and posterior (P.Trb.) 
turbmals. The fourth and fifth folds are intimately connected with the anterior 
turbinal I call the uppermost of the two, which forms part of the olfactory region, 

MDCCCXCI,—B H 
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lias anterior accessory turbmal (A A Trb ), and that which extends forwards, and 
has no olfactory function, the ventral accessory turbinal ( V.A.Trb.) 

In describing these complex structures it will be necessary to refer, not only to 
dissections, but to transverse and honzontal sections (Plates 7 and 11). 

The posterior turbmal (figs 57, 75, 83, 84, and 158, P.Trb.) has the form of a 
scroll attached by the whole of one edge to the aliethmoid It is ioiled upon itself 
caudad (fig 83) forming about one turn Like the other turbinals its line of attach* 
ment is oblique, passing from above forwards, as well as downwaids 

The middle turbinal (figs 57, 75, 83, 84, 157, and 158 M Trb.), is also attached 
along the whole length of one nearly vertical edge * from its attachment it passes at 
fiist mesiad (fig 83), then turns caudad, then laterad, then mesiad again, and passes 
cephalad as a broad plate somewhat indented in the middle by a vertical furrow, 
which gives it the appearance when viewed from its inner face (fig 57) of a double 
fold The broad vertical plate thus formed is attached to the aliethmoid along the 
anterior part of its ventral border, but is free dorsad, its apparent connection with the 
dorsal wall of the olfactory chamber in fig 57 being due to the fact that the mucous 
membrane is not removed anteriorly it is rolled upon itself caudad (figs. 83 and 84), 
foimmg a scioll of one turn, which is attached to the aliethmoid above and below, 
but is free in the middle 

The anterior tuibmal (figs 57, 75, 83, 84, and 157, A.Trb.) arises as a single, 
somewhat oblique plate from the aliethmoid Soon after its oiigin it turns caudad 
(fig 83), then cephalad, then caudad again, and finally curves forwards, forming a 
smgle oblique scroll with an m-turned anterior border. 

The anterior accessory turbmal (figs 57, 77, 83, 84, 155, and 156, A.A.Trb.), 
arises dorsally as a narrow plate springing from the anterior turbinal near its origin 
(fig 83), it passes forwards and downwards, and merges into the hollow ingrowth of 
the eetoethmoid mentioned above (p. 49, figs. 84, 155, and 156). It thus happens 
that the mam part of the anterior accessory turbinal is not a plate-like ingrowth, but 
an actual hollow invagination of the ectoethmoidal wall. In it, as already mentioned, 
is inclosed the antero-dorsal branch of the antrum of Highmore. At its anterior 
and ventral end this pouch gradually narrows, and passes insensibly into a plate of 
cartilage, which joins the ventral accessory turbinal, gradually fading away on the 
dorsal surface of the latter. 

The ventral accessory turbinal (figs. 57, 76, and 153-156, V.A Trb ) consists of a 
horizontal plate of cartilage attached along its whole length to the eetoethmoid, and 
connected caudad with the ventral border of the anterior turbinal. At its posterior 
end it is a simple narrow plate, but soon divides into two plates, a dorso-mesial and a 
ventre-lateral (fig. 155), which continue forwards, enclosing between them a dihedral 
angle. ^ The dorso-mesial plate is rolled upon itself dorsad, and comes to an end a 
short distance m front of the anterior end of the anterior accessory turbmal (fig. 57). 
The ventro-lateral plate is rolled upon itself ventrad, and is continued forwards, 
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undergoing a gradual simplification of structure, as far as the junction of the second 
and third portions of the ectoethmoid (fig 153) 

As already mentioned, all the turbmals, with the exception of the ventral accessory, 
are covered with Schneiderian membiane, and are therefore analogous to the ethmo- 
tuibmals of a mammal. The ventral accessory turbmal is covered with ordinal y 
mucous membrane, and belongs to the merely respiratory portion of the nasal cham- 
bei it may be compared with maxillo-turbmals of mammals 

There is also, separated by a considerable interval from the turbmals proper, a fold 
which may be compared with the naso-turbmal of mammals This (fig 151, Na.Trb ) 
is a narrow, horizontal, shelf-]ike plate of cartilage springing from the inner face of the 
first or anterior portion of the ectoethmoid, and extending fiom a little m front of its 
junction with the second portion as far forwards as the nostril 

It may be mentioned m this connection that the lining of the nasal sac from the 
nostril nearly as far back as the junction of the second and third portion of the ecto¬ 
ethmoid—^e., the preturbmal portion of the olfactory chambei—has the character 
rather of skm than of mucous membrane, its epithelial layer consisting of a stratum 
Malpighi i covered by a very thick stratum corneum closely resembling, and actually 
exceeding m thickness, the horny beak (see Plate 12, fig 151) 

On each side of the ventral edge of the mesethmoid m the vomerine region, i e , 
from about the posterior end of the third to the middle of the fifth portion of the 
ectoethmoid, is a slender rod of cartilage (figs. 76, 77, and 155-157, Jcc C), imbedded 
m connective tissue, and lying parallel to and either immediately dorsad or slightly 
laterad of the dorsal edge of the trough-like vomer. It is about 10 mm long, and 
about 0T4 mm m diameter, and is most easily made out in sections, although when 
once its position is known, it can be readily prepared in a well-macerated skull by 
carefully removing the vomer. It is obviously the vestigial cartilage of Jacobson’s 
organ, first described by my Father m Rhea (30), and afterwards m vanous Passerine 
Birds (36). 

The quadrate (tympanic, Owen*) has practically the same form as m the adult The 
otic process (fig. 79, otjpr.) bears a large transveisely elongated aitacular head covered 
with cai tilage, and having its mesial extremity widened antero-postenorly This portion 
of the head of the quadrate bears a well-defined, nearly circular, slightly convex 
facet ( pr.ot ) for articulation with the suiface already noticed on the prootic (p 73, 
fig. 78, qu. 1 ). The lateral narrow portion of the head of the quadiate (fig 79, sq ) 
articulates in front with the surface already noticed on the alisphenoid (p 78, fig 78, 
qu}), and behind with a small cartilage-covered facet on the squamosal (p 97, fig. 78, 


* The revival by GUdow (12) of the Okenian hypothesis of the homology of the sauropsidan quadrate 
with the mammalian tympanic is an instructive instance of the way “ the whirligig of time brings in his 
revenges One had lately been content to think that this question was finally settled m 1869 m favour 
of the Retghert-Huxley view, or some modification of it 

H 2 
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qu 3 ) Thus, in Apteryx, the quadrate can by no means be described as having a 
smgle-headed otic process 

The orbital process (orb pr ) is tipped with cartilage. The shaft of the quadrate 
bears oil its posterior surface a large pneumatic foramen (; pnf ) leading obliquely 
downwards and foi wards into a cavity excavated m the interior of the bone 
Ventrally the quadrate is tipped with cartilage, and bears the usual two condyles, 
one (on l) mesiad and slightly cephalad of the other (of, fig 51) Lying almost 
immediately cephalad of the external condyle is a deep hemisphencal cavity for the 
articulation of the quadrato-jugal, while dorsad of the internal condyle, and at the 
base of the orbital process is a somewhat ill-defined surface for articulation with 
the pterygoid 

The articular (figs 54-56 and 80, Art.) is a concavo-convex bone, largely covered 
with cartilage both doisad and laterad From its anterior border the long slender 
Meckel’s cartilage (. Mck.C .) is continued forwards and slightly inwards until it 
reaches the posterior end of the long mandibular symphysis, when it turns directly 
forwards, and passes parallel to and m close contact with its fellow of the opposite 
side to within a short distance of the end of the beak (cf figs. 151-160). There is no 
trace of a basi-mandibular element 

The stapes, or columella auris (fig 81), is not described by Owen. It consists of 
the usual oval plate of hone (Col ) inserted m the fenestra ovalis, and continued into 
a short bony rod, which passes outwards and forwards, and bears at its distal end a 
tnradiate cartilage, the extra-columella (Ex Col ) of Gad ow (11). The middle of the 
three rays, or extra-stapedial (.E St ) continues the direction of the bony columella, 
and is fastened distad to the inner surface of the tympanic membrane. The second 
ray, or supra-stapedial (S St ), is dorsal and posterior m position, and has its 
extremity thickened and produced into a small retral spur directed ventrad ; it is 
also attached to the tympanic membrane. The third ray, or mfra-stapedial (/.St ), 
spiings from the ventral region of the extra-columella close to its pioximal end, and 
immediately opposite the supra-stapedial. it passes forwards and downwards to the 
anterior tympanic recess, where it becomes ligamentous In serial sections of 
Stage H it can be traced to a point about 0 75 mm dorsad of the internal angle of 
the articular, beyond which it disappears as a distinct structure. 

The tongue-bone, or so-called hyoid (fig, 82), consists of a median sagittate 
cartilage (B Br ) called basi-uro-hyal by my Father (28), produced backwards into a 
slender-pointed rod. With the lateial processes of this cartilage are articulated the 
posterior cornua, each of which consists of an ossified ceratobranchial (C.Br.) with 
cartilaginous ends, and of an unossified epibranchial (. E.Br .) pointed distad. 
Imbedded m the extremity of the tongue is a Y-shaped cartilage, having its stem 
(B Hy) directed forwards, while its arms ( C Hy.) extend backwards and embrace 
the median cartilage ( B.Br .). the point of the latter is connected by ligament with 
the re-entering angle of the Y, This answers to the heart- or arrow-shaped cartilage 
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found m most birds, and considered by my Father as being formed of partially 
concresced ceratohyals 

I am disposed to take a different view of the composition of the avian “ hyoid ” 
I consider the aims of the Y-shaped cartilage (C Hy ) to be ceratohyals, and its 
median portion or stem ( B Hy ), the basihyal, formed as it obviously is by con¬ 
crescence of the right and left halves of the hyoid arch The sagittate caitilage 
(B Br) I consider to be the first basibranclual 

According to this view there is no concrescence between the hyoid and first 
branchial arches m Apteryx , they remain united only by ligament, so that m 
preparing the skeleton by maceration the first branchial (so-called hyoid) readily 
separates, leaving the true hyoid imbedded m the end of the tongue, where it is 
easily overlooked. Moreover, the hyoid is obviously obsolescent; as will be shown, 
it chondnfies late and nevei ossifies 


The Membrane Bones 

The parietal (fig 62) is an megularly four-sided concavo-convex bone By its 
straight mesial border it is joined by membiane to its fellow of the opposite side 
(fig 50) its sigmoid anterior bolder articulates with the frontal, and its irregular 
lateral border with the squamosal, while its irregular posterior border abuts against 
the occipital caitilage partly m the supra- and partly m the ex-occipital region 
(fig 53) At its posrero-lateral angle is a pit (pnc ) which fits over and closes 
above the hinder division of the pneumatic cavity m the prootic (figs 75 and 77,pn c ) 

The frontal (fig 63) is a very irregular concavo-convex bone, broadest at its 
posterior end and narrowing cephalad. By its evenly curved posterior border it 
articulates with the parietal, its neaily straight mesial border is separated from that 
of its fellow of the opposite side by membrane (fig 50), its arched lateral border, 
straight as seen from below, articulates with the ahsphenoid In front it is produced 
into a narrow nasal process (napr ), which articulates with the postero-lateral border 
of the nasal Immediately cephalad of its ahsphenoid bolder the frontal is pioduced 
into an orbital process (orbpr), which curves downwards and inwards and abuts 
against the aliethmoid (fig 52), from its antero-ventral angle is sent off an irregular 
orbitosphenoid process ( o.sphpr ), which passes directly mesiad and overlies the 
orbitosphenoid bar (fig. 56, o sphpr ) Thus the frontals nearly meet m the middle 
line over the presphenoid, reminding one of the arrangement found m some of the 
Primates 

Immediately cephalad of the orbital process is a large notch, covered in the entire 
skull by membrane, and converted into a foramen, the superior orbital fontanelle 
(fig 52, S.orb.F ), by the juxtaposition of the aliethmoid From the dorsal border 
of this foramen a pedate descending process (dpr) is given off, and passing down¬ 
wards and slightly forwards, abuts against the convex lateral surface of the 
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ahethmoid The orbitonasal nerve passes immediately mesiad of this process m its 
course from the orbit to the nasal cavity 

The squamosal (fig 69) is a roughly triangular bone articulating by its sinuous 
dorsal border ■with the panetal, by its concave anteiior bordei with the ahsphenoid 
and by its thickened ventral border with the prootic and exoceipital. Its ventral 
region is hollowed out into a pneumatic cavity (pn c ), which m the entire skull fits 
over the anterior division of the hollow m the prootic aheady described (p 45, figs 
75 and 77, pnc., and fig 17 0), the posterior division, as already stated, being covered 
by the parietal The antero-ventral angle of the squamosal is produced into a 
triangular zygomatic process (zyg pr.) which is directed forwards and downwards 
immediately laterad of the otic process of the quadrate (fig 52) Just mesiad of the 
base of this process the squamosal bears on its antero-ventral angle an articular facet 
covered with cartilage (qu 8 ) for the posterior surface of the external division of the 
head of the quadrate Ciudad of this facet, the ventral edge of the squamosal is 
perforated by a considerable aperture (indicated by a bristle in fig 69) by which the 
air-cells just mentioned communicate with the tympanic cavity (c/1 fig 78, qu 8 , pn c., 
and figs 169 and 170) 

With regard to the cartilaginous facet qu 3 it is an interesting question whether 
the presence of a distinct chondrite developed m connection with a parostosis is an 
indication that the latter is phylogenetically a cartilage bone, like the palatine and 
pterygoid of Sauiopsida and Mammalia, or whether the chondrite in such cases is to 
be considered as a neomorph In any case the cartilage now under consideration is 
comparable and may possibly be homologous with the meniscus of mammals, while it 
certainly corresponds with the cartilaginous facet on the squamosal of lizards (33). 

The nasal (fig 66) is a long narrow bone crescentic m cross section (Plate 13, 
fig. 155), pointed m front, and irregularly truncated behind. By its posterior border 
it articulates with the frontal, and by the greater part of its mesial border with the 
nasal process of the premaxilla caudad of that process the nasals diverge so as to 
allow the central part of the ethmo-presphenoid to appear (fig. 50). From the 
posterior end of the lateral border of the nasal springs a slender descending process 
(dpr) which takes a direction downwards and slightly forwards, abutting against 
the ectoethmoid and articulating caudad with the lacrymal (figs 50 and 52) 

The lacrymal (fig 68) is a small irregular bone consisting of a shell-like central 
portion applied to the surface of the aliethmoid (fig. 52), and of an ascending portion 
which articulates with the descending process of the nasal. It is perforated obliquely 
by the lacrymal foramen (lac for) 

The premaxillw (fig. 59) are already ankylosed together, forming a long triradiate 
bone,. The common portion or body of the bone is small and rounded, forms the tip 
of the beak, and is honey-combed with small close-set pits in which are end-organs 
abundantly supplied by branches of the dorsal ramus of the orbitonasal nerve. The 
nasal process (napr ) is also single, except at its posterior end, where there is a 
longitudinal cleft. The palatine processes ( pal,pr .) are quite distinct, each being 
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attached to the body of the bone by a narrow neck, widening as it passes backwards, 
and finally dividmg into a short mesial, and a long lateral process, both of which 
articulate with the maxilla The external nostril lies at the junction of the nasal 
and palatine piocesses with the body 

The maxilla (fig 58) is a long flat bone pointed m front where it is underlaid by 
the palatine process of the premaxilla it gradually widens as it passes backwards 
and divides into two processes, an internal or palatine (palpr), and an external 01 
jugal process (jupr ) Mesiad of the anterior end of the palatine process is a gioove 
hounded doisad by an extension of the inner margin of the bone, and serving for the 
reception of the palatine (of figs 50 and 51) The outer border of the maxilla forms 
part of the boundary of the upper jaw, by its inner or mesial border it articulates 
with its fellow foi a short distance in front, afterwards separating fiom it so as to leave 
a narrow lanceolate interval partly filled up by the vomei; The palatine process of 
the maxilla underlaps the palatine bone towards its outer border; the jugal process 
articulates dorso-laterad with the jugal. 

The jugal (fig 70) is a slender rod-like bone, articulating by its anterior half with 
the jugal process of the maxilla, and behind articulating by its doisal surface with the 
quadrato-jugal 

The quadrato-jugal (fig 7i) is a slender bone, pointed m fiont where it underlies 
the jugal, and thickened postenoily where it articulates with the pit already noticed on 
the quadrate (p 52) by a knobbed extremity (qu ) covered with cartilage (see also 
fig 165, QuJu) This is a second instance m the skull of Apteryx of a parosteal 
bone provided with a cartilaginous articular end 

The vomer (fig. 60) is Y-shaped, consisting of a median anterior limb and slightly 
diverging postenoi limbs The anterior limb which projects between the maxillae is 
trough-like, and pointed m front, the posterior limbs have their ventral surfaces 
slightly concave from side to side, and their posterior ends forked each articulates at 
its hinder end dorsad with the pterygoid and ventrad with the palatine (see also figs 
155-157) 

The palatine (fig 61) is of very irregular foim, its pointed and jagged anterior end 
fits into the groove on the inner border of the maxilla, the palatine process of which 
is applied to the whole length of its ventro-lateral surface. Its posterior end is 
expanded and obliquely truncated it underlies the hinder end of the vomer, and 
articulates later ad with the pterygoid 

The pterygoid (fig 67) terminates caudad m a saddle-shaped surface covered with 
cartilage (qu ) for articulation with the quadrate The postenoi end of the bone has 
the form of a stoutish rod, somewhat flattened from above downwards, and bears on 
its mesial surface a slightly elevated, longitudinally oval facet (b ptg pr ), covered 
with cartilage, for aiticulation with the basipterygoid process The anterior two- 
thirds of the bone is flattened from above downwards, and produced dorsad into an 
obliquely longitudinal ridge, and divided anteriorly into mesial and lateral processes 
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The mesial process articulates with the lateral border of the vomer, and with the 
posterior expanded portion of the palatine, the lateral process articulates with the 
dorso-lateral border of the palatine, and of the palatine process of the maxilla 

The dentary (fig 72) is already ankylosed with its fellow of the opposite side, 
forming a symphysis 'about 1 5 cm long The symphysial portion of the united 
bones is nairow, deeply grooved longitudinally on its dorsal surface, and pitted below 
(fig 55) like the corresponding part of the premaxilla Each ramus consists of a 
horizontal dorsal plate, and an oblique ventral plate, the two joining laterad m an 
acute dihedral angle posteriorly these two plates are separate, and form slightly 
divergent doisal and ventral processes. 

The splemals (fig 64) are also ankylosed, fomung a symphysis nearly 1 cm long 
Each has a nearly flat mesial and a strongly-grooved lateral surface Thus, when 
the dentary and splenial aye placed m position, they enclose between them a longitu¬ 
dinal canal for Meckel’s caitilage (fig 153) 

The angular (fig 65) is a narrow splmt-hke bone, with its broad, flattened posterior 
end applied to the mesio -venti al i egion of the ai ticular (figs 5 5 and 56) The mam part 
of the bone extends forwards between the splenial and the ventral process of the 
dentary, founmg the posterior portion of the ventral edge of the mandibular ramus. 

The supm-angular (fig. 73) has its broad, irregular, somewhat thickened posterior 
end applied to the ventro-lateial region of the articular (figs 52 and 55). The rest 
of the bone is a narrow slightly-twisted splint, which extends forwards between the 
splenial and the dorsal process of the dentary. 

The coronary (fig 74) is a slender, rod-hke bone, somewhat broadened and truncated 
at its posterior end and pointed m fiont. It lies on the inner face of the mandibular 
ramus (figs 54 and 56) near its articular end, between and nearly parallel with the 
angular and supia-angular. 

The relations of both cartilage and membrane bones are well shown in the series of 
sections of Stage H (Plates 12-14). 

b Development of the Skull. 

Stage A (Plate 4, figs 17-21) 

The parachordal region oi investing mass is represented by a plate of dense bias 
tema on each side of the notochord, and extending a short distance cephalad of its 
anterior end as the ff middle trabecula” of Rathke (fig. 17, Pr.Ch ) This name my 
Father (29) proposes to drop, as the structure m question has nothing to do with the 
trabeculse crann. As, however, a distinct chondrite subsequently appears in it, which 
gives rise to part of the dorsum sells©, and as it is apparently the first part of the skull 
to appear, being at the present stage decidedly better marked than the parachordals, 
I think it will be convenient for descriptive purposes to speak of it as the prochordal 
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The end of the notochord (Nch ) is simply upturned, not bent into a hook-like form 
as m Selachians (2, 47), or twisted as m Cbelone (35) The next stage shows this 
veiy clearly, since the notochord never appears twice m the same tiansverse section 
(figs 24 and 25) 

Theie is a concentration of the mesoblastic tissue in the visceral folds (figs 19-21), 
but the visceral arches can hardly be said to be formed as yet 

Stage B (Plate 4, figs 23-30) 

The prochordal plate has become a very distinct unpaned stiuctuie (fig 23, Pr Ch ), 
reaching from the end of the notochord, dorsad between the metencephal (Mt cce ) and 
diencephal (Di cce) The third nerve (Nv III) passes through it m its couise fiom 
the base of the mid-bram A veiy short distance caudad of the junction of the pro- 
choidal with the parachordal plates the latter are seen to be distinctly paiied (figs 25 
and 26, Pa Ch ), the thickenings of mesoblast which foim them not meeting eithei 
above or below the notochord Except at their extreme antenor limit (fig 24) the 
paiachordals remain thus distinct thiough then whole extent (figs 25-30), and aie 
uniformly less well-marked than the prochoidal 

In the auditory legion the thickened mesoblast of the parachordals is seen to be 
extending laterad, so as to invest the auditory sacs (fig 28) 

The visceral aicbes (fig 26, Mn -, fig 27, iJy.) are visible as plates of dense 
blastema, but, with a single specimen, their precise relations could not he very 
satisfactorily made out. 

Stage C (Plate 5) 

The prochordal plate is still better defined than in the previous stages, and is 
produced at its free end into pamed processes (fig 35, Pi Ch ), which lie immediately 
laterad of the oculomotor nerve (Nv III) A short distance m front of (above) the 
end of the notochord, the prochordal forms a well-marked transverse plate (fig 36, 
Pr Ch,), narrow towards the middle line, broadened at either end, and perforated by 
the thud nerve 

I have seen no references to the bifurcation of the “ middle trabecula” just inferred 
to The two processes have exactly the same relation to the mam unpaired portion 
of the prochordal plate as the trabeculae to the anterior unpaired portion of the para¬ 
chordals (vide infra) , and bearing in mind Gotte’s theory that the trabeculae 
represent a pair of neuroids (neural arches), and Albrecht’s notion (l) that the 
dorsum sellae is a Wirbelcentrum-complex,” it is tempting to compare these pro¬ 
cesses also with neuroids. But it yet remains to be seen whether they exist m the 
lower Vertebrata, and, if so, whether they are independent elements like the trabeculae, 
or, as m the present case, mere processes of the prochoidal plate 

The parachordals are well defined anteriorly, and have united doisad of the noto¬ 
chord (fig. 37), but for the greater part of their extent they are still separate (figs 
MDCCOXOI — B. I 
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38-42), and have not yet passed into the condition of prochondral tissue The latetnl 
extensions fiom the parachordals forming the auditory capsules are well seen m this 
stage (figs. 39 and 40, Au c ) 

The tiabeculse (fig 37, Tr) have apparently just made then appeal ance In 
sections which include the antenor end of the notochord and the pituitary evagmalion 
(Pty ) of the pharynx, they have the form of short paired rods, spimging from the 
united parachordals, and passing immediately laterad of the internal carotids (hit car ), 
so as partly to embiace the pituitaiy body 

The visceral aiches are more clearly maiked than m the preceding stage, the 
mandibular (fig 38, Mn), hyoid (fig 39, Thy.), and first branchial (fig 41, Ev l) 
being very obvious 

Stage D (Plate 9, figs 85-95) 

r 

Owing to the unfortunately damaged condition of the single embryo belonging 
to this stage, my observations are far from complete. The drawings of sections 
(figs 88-95) are accurate, only obvious distortions having been corrected, but the 
figures of the entire skull (figs 85 and 86) must be looked upon as restorations bom 
very impel feet data 

The cerebral flexure is still neaily a right angle ; the sections cut at light anglos 
to the long axis of the beak, become honzontal hi the parachoidal region (<if, figs 88- 
93 with figs 94 and 95). The advance beyond the preceding stage is very marked ; 
all the parts of the chondiocramum are formed, and consist, for the most part, 
of hyaline cartilage 

The parachordals (figs 86, 94, and 95, Pa.Ch) have to a considerable extent 
concresced below the notochord, anteriorly, however, they are still separate, a median 
slit-like space, the posterior basicranial fontanelle (figs. 86 and 94, p her fo ), being 
left between them. The anterior boundary of this aperture is formed by the mttimed 
hook-like anterior ends of the parachordals (y ) which meet m the middle line, and, at 
the same time, form the posterior limit of the carotid foramina (Int,ear ). 

The precise form of the auditory capsules could not be deduced with accuracy from 
the sections, but it is almost certamly not very different from what we find m the 
next two stages m which it was made out by dissection. 

In the basisphenoidai region (figs. 86, 93, and 94, B Sp7i) the skull-floor is widely 
open below, the trabeculae not having united m the middle ventral line. The space thus 
formed is filled with connective tissue which supports the pituitaiy body (Pty ), and 
through which the internal carotid arteries (Int.car.) enter. Cephalad of the 
pituitary body the trabeculae are m close contact, save for a thin stratum of pro¬ 
chondral tissue (fig. 92, B.SpTi), and each sends off outwards and downwards a large 
basipterygoid process (B ptgpr ), the size of which, so much greater proportionally 
than m later stages, is worthy of notice. 

In the posterior presphenoidal region (fig. 91, Pr.Sph) the trabeculae are still 
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separated by a layer of prochondral tissue, and each sends off doisad a vertical plate 
(Pr Sph '), which bounds the optic foiamen (Hv II) m front, and at its doisal edge is 
continued into the orbitosphenoid (Orb Sph ) In latei stages, these veitical offshoots 
of the trabeculae have united m the median plane to form the impaired presphenoid 
cartilage (cf figs 86 and 91 with figs 98 and 116); their distinctness in the present 
stage is interesting as showing that the prenasal cartilage or intertrabecula does not 
extend so far back m Birds as m Ciocodiles (34, Plate 63, fig, 4), and Turtles 
35, Plate 2, fig 6) 

In the antenor presphenoidal region (fig 90, Pr Sph ) the trabeculae are continued 
into a single cartilage, pyriform m transveise section , its ventral legion is unpaned, 
and may possibly, though not probably, be formed fiom a pienasal cartilage, but its 
dorsal region is still unchondrified m the median plane, and the whole structure appears 
to be a continuation of the trabeculae 

The mesethmoid (figs 85, 86, 88, 89, M Eth.) is well chondnfied below, but the 
formation of caitilage has not yet extended to its dorsal bordei, it shows no indication 
of being formed from paired trabeculae. 

The lateial offshoots of the tiabecular region of the skull are already well developed 
The ectoethmoids (Ec Eth.) aie only chondrified posteiiorly , they already extend 
backwards caudad of the middle of the eye (fig 90) The orbitosphenoid plates 
(Orb Sph ) are immense ; they spring from the whole length of the long presphenoid 
region and extend backwards, bounding the optic foramen (iVb II) above, as far as 
the parachordal region The alisphenoids (Al Sph ), on the other hand, are compaia- 
tively small, and owing to the cerebral flexuie them long (anteio-posteuoi) axis 
is nearly vertical instead of houzontal The trigeminal (Nv V 2 ’ s ) and orbito-nasal 
(Nv F. 1 ) foramina have their usual position between the aksphenoid and the auditory 
capsule. In these and other points the lesemblance of the Kiwi’s skull at this stage 
to that of an embryo Mammal (32, Plate 33, fig 3), oi Crocodile (34, Plate 63, fig 6), 
is very striking. 

The only indication of the turbinals is an m-pushing of the ectoethmoids imme¬ 
diately over the posterior naies (fig 89, A A Trb) This is the rudiment of the 
anterior accessory tin bin al, which is thus the first of these ectoethmoidal folds to 
appeal 

The quadrate (Qu ), as far as could be made out from the sections, has a single head 
articulating with the prootic legion of the auditory capsule. The mandible (Mck C.) 
consists entirely of Meckel’s cartilage, which is expanded at its proximal or 
articular end. 

The columella (figs 8 7 and 93, Col) has its knotted mesial end inserted into the 
fenestra ovalis, and its outer end or extra-stapedial (E St) fixed to the tympanic 
membiane , near the middle of its length it gives off a shghtly curved downwardly 
directed process, the mfia-stapedial I can detect no trace of supra-stapedial 

The tongue-caibilage (so-called hyoid) consists of a median basibranchial (fig. 90, 

i 2 
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B.Br ) giving; attachment laterad to a pair of cerato-branchials. There is no trace of 
the Y-shaped cartilage of the adult and advanced embryo (fig 82, BII tj), which I 
take to represent the hyoid arch. The late appearance of this structure is a good 
indication that the hyoid proper of Birds is tending to disappear It is worthy 
of notice that cerato-hyals aie figured m my Father’s second stage of the Cluck’s skull 
(31, Plate 81, fig 5), which corresponds roughly m point of development with the 
Kiwi embryo now under discussion, tins would seem to show that Apteryx is a step 
nearer atrophy of the hyoid than Gcillus 

Theie is no trace of the palato-pterygoid bar descnbed m eaily embiyos of the 
Chick (31, Plate 81, figs 1, 3, and 5) m Apteryx the palatine and pterygoid are in 
no way distinguishable m their development fiom the remaining membiane bones, 

Stage E (Plate 10, figs 96-103) 

In the single embryo belonging to this stage the brain was removed and the 
chondiocramum drawn from above and roughly sketched from the side before being 
sectioned Hence fig 97 is a diawmg of an actual dissection, and figs. 96 and 98, 
although m part lestorations, are correct m all their mam features. 

The cerebral flexure is now about 120°. The general pioportions of the skull are 
much the same as in the pievious stage 

In the parachoidal region the notochoid (Nch) is clearly seen, and is shown by 
sections to be surrounded with cartilage only in the neighbourhood of the occipital 
condyle. Elsewhere the parachordal cartilages have not met above the notochoid, 
and then union below it does not extend very far forwards. The occipital arch is 
completed doisad by piochondral tissue 

The auditory capsules (Au G) have rounded dorsal and mesial contours , laterad 
they are produced into well-marked paroccipitai processes (fig. 96, paoc.pr) 
bounding the tympanic recesses The foramina for the facial and auditory 
(Nv VII , VIII.), and for the glossopharyngeal and vagus (Nv. IX., X) n eives are 
well seen, but there is no indication of the floccular fossa 

The pituitary fossa (fig 97, Pty F.) is a deep pit with a nearly circular outline, 
bounded m front by the presphenoidal region and behind by the high dorsum selleo or 
postchnoid wall {Dors sell ), which extends transversely between the alisphenoids, 
In a dissection such as that fioin which fig 97 is taken, the fossa appears to be con- 
pletely hounded by cartilage, but sections show that this is not the case. The middle 
portion of the dorsum sellae is formed of connective tissue (fig. 101) m which the 
upturned end of the notochord is embedded, and the floor of the fossa contains three 
median fontanelles filled with fibrous tissue continuous with the perichondrium. 
The hindmost of these (figs 98 and 101, p.bcrfo .) is the posterior basicranial fon- 
tanelle already noticed (p 58). it is bounded behind by the notochord (Nch.) and its 
ventral cartilaginous investment, and in front by a transverse bar of cartilage (y) 
which separates it from the next or middle basicranial fontanelle (m bcr.fo.). This 
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latter looks, in the present stage, almost directly forwaids, and is separated from the 
third or anterior basicranial fontanelle ( abcrfo .) by anothei transveise bai of 
cartilage (x ) The anterior fontanelle is bounded m front by the presphenoid (Pr. 
Sph ), and extending into it from the mouth is seen the remains of the pituitary 
evagmation (fig 101, Pty ped) In a section taken very slightly laterad of the 
median plane (fig 102), the pituitary fossa is seen to be completely bounded by 
cartilage, both its floor and posterior wall being fully chondufied the basicranial 
fontanelles are, therefore, extremely narrow from side to side 

In the Chick my Father figures only two basicranial fontanelles, corresponding 
with those I have called anteuor and posterior ^(31, Plate 83, fig 2) of the middle 
aperture I have seen no account m the works of previous observers My observations 
are not suffinently complete to allow of a full explanation of these spaces and of the 
bars of cartilage which separate them , but after a careful comparison of this with the 
previous stage, I am disposed to think that fig 103 offers a reasonable theory of this 
most difficult part of the skull The figuie is diagrammatic, and represents the basi- 
sphenoidal region on one plane, the cerebral flexure being supposed to be straightened 
out The dotted lines show the outlines of the trabeculae ( Tv .) and paracliordals 
(Pci ch ), and it will be seen that I suppose the commissure x to be formed by the 
mturned posterior ends of the trabeculae, the commissure y by the mturned anterior 
ends of the paracliordals descubed m the previous stage (p 58, fig 94, y) In the 
diagram the upturned end of the notochoid (Nch ) is supposed to be cut off 

The oibitosphenoids (Orb Sph) are still very large, although smaller than the 
alisphenoids (Al Sph) The whole preorbitosphenoidal region is saddle-shaped (fig 
97), being convex from before backwaids, and concave from side to side, with, how¬ 
ever, a slight rise m the middle (cf fig 116) The anterior border of the ahsphenoid 
overlaps the posterior border of the orbitospkenoid. The presphenoid (Pr,Sph ) is 
large, and the paired upgrowths of the trabeculae which form it have apparently 
completely concresced, but as this part of the skull was sectioned longitudinally, it is 
impossible to be as certain on this point as if transverse sections also had been 
examined 

The postenoi part of the ectoethmoidal plate (Pc Pth .) is well chondrified, and 
the three principal turbmals have appeared The olfactory chambei is continued from 
the turbmal region to the end of the beak (fig 100) as a narrow tube lined with a 
low columnar* epithelium, and completely filled with cells evidently derived from the 
proliferation of the epithelium, so that at this stage there is no actual communication 
between the olfactory sac and the exterior except by way of the posterior nares and 
the mouth this is well shown m fig 114, taken from a transveise section of the 
following stage. 

The quadrate (Qu ) was definitely ascertained to atticulate with the auditory capsule 
by a single head The columella (fig 99) shows the three processes of the extia- 
columellar region, owing to the cerebral flexure, the direction of the supra-stapedial 
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is backwards and downwards. There is still no trace of the hyoid portion of the 
entoglossal, but both b’asibianchial and posterior cornua aie well chondnfied 

The position of the future membrane bones is indicated m the sections by deeply- 
stained patches, formed of close-set mesoblast cells The rudiments of the palatine 
and pterygoid are in no way distinguishable fiom those of the remaining parostoses 

Stage F (Plate 10, figs 104-119) 

The skull of this embryo was paitially cleaned by dissection, and sketched from 
above, from below, and from the left side before being stained and sectioned 

The cerebral flexure is greatly reduced, the ciamo-facial angle being nearly 150° 
This, and the elongation of the prenasal cartilage (Pr Na ) have greatly altered the 
form of the chondiocranmm, which now approaches that of the adult, although still 
presenting very important differences 

The parachordal region has undergone little alteration theie is a large posterior 
basicranial fontanelle (; p.bcrfo ) filled with connective tissue, which is continued 
dorsad as the median portion of the dorsum sellse (Dors Sell), and has imbedded 
m it the anterior end of the notochord ( Nch .). Immediately above the latter, but 
quite independent of it, is a nodule of cartilage (figs 108, 109, 11 1, and 112, Pr.Ch ), 
evidently foimed as a distinct chondnte m the prochordal plate (Plato 2 and 3, figs 
17 and 36, Pr.Ch) I propose to call it the prochordal cartilage. It appears to 
answer either to the little cap of cartilage which sheaths the end of the notochord m 
Chelone (35, Plate 7, fig 7a), or to the vertical plate, lying altogether dorsad of tho 
notochord (marked p cl), and forming the dorsum sellse In the present instance it 
is certainly an independent element of the chondrocranium. 

On Albrecht's theory (1) that the dorsum sellse is an “ epipituitare Wirbelcen- 
trum-complex,” the prochordal cartilage may very fairly do duty for a centrum, the 
paired processes of the prochordal plate m stage C, representing the corresponding 
nenroids which atrophy without chondrification, but in the absence of any account 
of the grounds upon which Albrecht's views rest, beyond the short paper referred to, 
I am not disposed to considei them as veiy well founded. 

The structuie of the pituitary fossa is unaltered, the anterior (a.her.fo.) and middle 
(m.bafo) basicranial fontanelles being very obvious All three fontanelles are of 
less width from side to side than the prochordal cartilage, as shown by fig. 112, taken 
about 0 2 mm fi oin the median plane. The posterior of the two cartilaginous com¬ 
missures (y ) sepaiating the fontanelles is now largely caudad of the anterior one (x.), 
instead of being altogether below it as in the previous stage (cf. figs. 101 and 111); 
this is an obvious result of the straightening of the skull floor. 

The alisphenoids (Al.Sph ) are somewhat larger than m the preceding stage, the 
orbitosphenoids are almost unaltered m relative size. The ectoethmoids ( Ec. Eth) 
are still largely composed of prochondral tissue (figs 113-115), only their posterior 
portions (fig 116, Ec.Eth. 5) consisting of hyaline cartdage In addition to the 
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tuibmals present in the previous stage, tlie vential accessory fold (fig 115, V A Trb ) 
has appealed Transverse sections of the beak show very cleaily the complete filling 
up of the anterior portion of the nasal chamber with epithelial cells (fig 114) 

The quadiate ( Qu ) has undergone no alteiation its head is still single, articulating 
only with the auditory capsule, although, as shown by sections, embraced externally 
by the rudiment of the squamosal (fig 119, Qu , Sq ) In the columella the mfia- 
stapedial is apparently somewhat longer than in the pievious stage The tongue- 
cartilage still shows no trace of its hyoid portion (fig 110) 

The membranous foundations of the membiane bones aie now well shown, but no 
actual ossification has yet appeared In sections (figs 113-119) the bone-iudiments 
have very much the appealance of the bones themselves m a later stage after decalci- 
fication, except that the matrix, m which the lime salts subsequently appeal, takes on 
a lighter tint with borax-caimine The identity m mode of development between the 
palatine and pterygoid and the remaining membrane bones is lllustiated by fig 117, 
m which the rudiments of the quadrato-jugal (Qu Ju') and pterygoid (Ptg') aie seen 
to be of precisely similar chaiacter There is so far no trace of the caitilagmous 
articular surfaces on the pterygoid, quadiato-jugal, and squamosal 

Stage G (Plates 11 and 12, figs 120-145) 

This is one of the most important stages in the development of the skull, the chondro- 
cranium having practically attained its final foim, and nearly all the membiane bones 
having appeared I greatly regret that one of the two specimens belonging to this 
stage (A oivem) was so much damaged as to be unreliable except for general pur¬ 
poses , all details had therefore to be made out from the complete series of transverse 
sections of A australis. 

The cerebral flexure has almost disappeared, the axis of the pienasal region being 
very nearly m the same straight line as the notochord. The parachordals have largely 
united beneath the notochoid, but the latter still comes to the surface of the basis 
cranii. The auditory capsules have nearly attained their adult form, the floccular fossa 
(fig 126, fio f) is well developed, and a deep groove (figs. 125 and 143-145, pi c ) has 
appeared on the outer face of the posterior region of the capsule, which, closed lateiad 
by the squamosal, becomes m later stages a pneumatic cavity (cf figs 75 and 7 7,pnc) 

Immediately caudad of the dorsum sells© the parachordals separate m the middle 
line to form the posterior basicranial fontanelle, the notochord at the same time 
turning dorsad (figs 126 and 140, p bcrfo ) At this level the alisphenoids (fig. 140, 
Al.Sph) are seen m section to be continuous with the parachordals, and the orbito¬ 
nasal nerve (Nv F 1 ) is seen passing through the cartilage to reach the external 
aperture of the tunnel-like orbitonasal foramen. Considerably less than 1 mm. 
cephalad of this point (fig. 139), the posterior basicranial fontanelle has come to an 
end by the formation of the transverse commissure y alieady seen m preceding stages. 
This commissure (fig. 139, y ) unites the parachordals some distance dorsad of their 



64 


PROFESSOR T J PARKER OR THE ARATOMY 


ventral edge, so that these latter project as a pair of nearly parallel ridges (figs 124 
and 139, r ) which bound the posterior basicranial fontanelle on eithei side, and dis¬ 
appear anteriorly at about the level of the carotid foramina (fig 138, hit car ), i e , 
just caudad of the basipteiygoid processes 

Immediately above the commissure y is the fibrous tissue forming the middle of 
the dorsum sellse and containing the nodular prochordal cartilage (figs 126 and 139, 
JPr Ch ), the distinctness of which both fiom the parachordal (y., r) and trabecular 
regions of the skull is perfectly clear 

The middle basicranial fontanelle has disappeared by the concrescence of the com- 
missuies x and y (fig 126, x, y) , the anterior fontanelle (a bcvfo) is, however, still 
piesent, its general direction being a little forwards from the pituitary fossa as well 
as downwards, so that the apertuie by which it opens on the ventral surface of the 
skull is just eephalad of the vertical posterior border of the presphenoid (figs 134 
and 135). The pedicle of evagmation of the pituitary body (pty.ped.) can be traced 
from the fontanelle forwards and downwards to the mouth, perforating in its course 
the parasphenoidal rostrum (fig 134, Rost.) ; the fontanelle itself is covered by the 
stioma into which the ossification of the rostrum subsequently extends. 

The alisphenoid (AlSph) has the usual relations, if passes below into the tra¬ 
becular and parachordal regions, and extends nearly as far forwards as the optic 
foramen (Nv II), lying, in the anterior part of its course, outside the orbitosphcnoul 
(figs 137-139). It is perforated in the usual way by the fifth nerve. 

The presphenoid (Pr Sph ) is still nearly as long antero-posteriorly as in the three 
previous stages, but the oibito-sphenoids (Orb Sph) have undergone a marked reduc¬ 
tion. Posteriorly they form nearly vertical plates bounding the optic foiamma above 
(fig. 136), furthei forward they he one on either side of the presphenoid, their point 
of ongm being considerably below its dorsal edge (fig. 135), but gradually rising until 
m their anterior region (fig 133), they form lateral offshoots of the dorsal border of 
the presphenoid as m previous stages, but greatly diminished in width. A comparison 
of figs 105, 123, and 75 shows veiy clearly how the large orbitosphenoid of Stage F 
becomes a mere hand of cartilage m the ripe embryo. 

The mesethmoid (M Eth.) has a rounded, rod-like, lower border, its middle portion 
is narrow from side to side, while dorsad it expands again as it passes into the ecto- 
ethmoids, so as to be sub-triangular m section (figs. 131, 132), It presents one 
peculiarity not met with in any other stage, at the level of the anterior accessory 
turbmal (fig 132, A A.Irb.), and of the posterior nares ( Pt.Na) it contains near its 
upper border a small rounded cavity filled with connective tissue ( or.fa.c .), about 
0 25 mm. in diameter, and probably, since it extends through rather more than 20 
sections, nearly 0 5 mm from before backwards. I am disposed to consider this vacuity 
as probably homologous with the cramo-facial notch of the Chick (31, Plate 83, fig. 4, 
) j I cannot be sure, from my Father’s description, whether it corresponds with 
the fenestia figured by Blanchard (ante, p 48), 
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The ectoethmoids (Ec Eth ) have attained their full development, except that 
ohondrification is still incomplete anteriorly (fig 129) even the small forwardly- 
directed process of the fifth portion (fig 124, a ) is already well formed. The 
turbmals are also fully developed, and all but the naso-turbmal (fig 129, Na.Trb) 
are chondnfied the latter, as also the anterior portion of the ectoethmoid, has not 
even reached the grade of prochondral tissue, but is indicated only by a concentration 
of nuclei m the mesoblast Owing to the length of the piesphenoidal region the 
posterior wall of the olfactory chamber or antorbital plate (see p 48) does not reach 
backwards to the optic foramen as m later stages. The external nostril and the 
anterior part (about 4 or 5 mm ) of the nasal chamber are still filled with a solid mass 
of epithelial cells (fig 128) 

The rudiment of Jacobson’s cartilage (fig 132, Ja C ') appears as a somewhat ill- 
defined area of prochondral tissue extending through nearly forty sections, and, 
therefore, probably not more than 1 mm. m length. " 

The quadrate has the outer side of its head in close proximity to the squamosal 
(fig 142, Qu., Sq ), but no articular cavity is yet developed for its reception on the 
latter bone. The cartilaginous mandible— Meckel’s cartilage (Mch C ) with its 
articular expansion (Art) —and the columella (Col.) have undergone no change of 
importance, and there is still no trace of the hyoid cartilage beyond a slight concentra¬ 
tion of nuclei m the mesoblast of the end of tongue (fig 132, C,Hy .') 

The position and extent of the membrane bones were accurately determined from 
serial sections, so that figs 120, 121, and 122, although restorations, are far more 
reliable than drawings of actual dissections would have been in the present very early 
condition of the bones In the sections the bones appear as extremely delicate shining 
spicules, unstained by carmine although the head was not decalcified they were not 
sufficiently advanced to turn the edge of the razor 

The premaxillse (Pmx ) appear in the 34th section, ^.e., about 0 5 mm. from the end 
of the beak, as paired deposits of bone encircling the prenasal cartilage, and nearly 
meeting above (fig 127) a few sections further back they have completely united 
dorsad of the cartilage , and m the 7 6th section the arch thus formed has divided into 
a median dorsal and paired lateral deposits, the rudiments respectively of the nasal 
and palatine processes (fig, 129) It is worthy of notice that even m this early stage 
there is no indication of the nasal process being double The extent of the premaxilla 
is shown in figures 120-122 it reaches only about half-way along the beak 

The maxilla begms immediately caudad of the premaxilla, and already shows 
its characteristic division into palatine and jugal processes The jugal (Ju ) and 
quadrato-jugal (Qu.Ju.) are delicate styles of bone, and the latter shows no indication 
of the cartilaginous facet by which m later stages it articulates with the quadrate 
(fig. 136) 

The vomer (Vo) is Y-shaped, and its forwardly-directed stem has nothing to 
indicate a paired origin. The palatine (Pal.) is a simple rod, the pterygoid (Ptg.) is 
MDCCOXCL—B. K 
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forked, and for some distance caudad of the union of its mesial and lateral processes is 
triradiate in section (fig 133) • further back it becomes a slender rod (fig. 136), and 
abuts against the basipterygoid process (B.ptgpr) and the quadrate (Qu .). it 
shows at present neither of the cartilaginous articular facets present in the adult. 

The rostrum or anterior division of the parasphenoid (Rost.) begins a short distance 
cephalad of the vomer, and ends just m front of the anterior basicranial fontanelle 
(fig. 134) it is, however continued backwards beyond the fontanelle by a band of 
dense mesoblast into which ossification subsequently extends As already mentioned 
(p. 64) it is perforated a short distance m front of the anterior basicranial fontanelle 
by the pedicle of evagination of the pituitary body ( Pty ped ). There is no indica¬ 
tion of the basitemporals or posterior division of the parasphenoid 

The frontal (Ft.) is of considerable extent but very than its lower edge is turned 
in forming an orbital process, but there is, so far, no tiace of the remaining processes 
of the adult bone Its anterior border is continued forwards for a considerable 
distance (more than 100 sections, about 2 mm ) by thick fibrous stioma, mto which 
ossification subsequently extends. There is no tiace of the parietal, which is thus 
very late m making its appearance. The squamosal (Sq. ), on the other hand, is well 
developed, and is the thickest of all the bones at the present stage : there is, so far, 
no development of cartilage where it comes into contact with the head of the 
quadiate (fig 142) 

The nasals (JVa.) are paired patches of bone on the dorsal surface of the ectoeth- 
moids at the junction of their third and fourth portions. Like the frontal the actual 
bone is continued some distance, both forwards and backwards, by a thick stroma, 
into which ossification afterwards extends. The lacrymals (Lac.) are small concavo- 
convex deposits, lying just mesiad of the lacrymal ducts 

The dentary (Dent.) begins a short distance cephalad of the anterior end of 
Meckel’s cartilage (fig 129) and very soon divides into dorsal and ventral bars, 
which, after the appearance of the cartilage (fig .130) lie respectively dorso-laterad 
and ventro-mesiad of it, but gradually take up the first a lateral, the second a ventral 
position The entire bone extends backwards about two-fifths of the length of 
Meckel’s cartilage, and is continued caudad for a considerable distance by unossified 
stroma. 

The splenial (Spl.) begins a short distance caudad of the posterior end of the 
dentary, and is about half the length of that bone Both angular (Ang.) and supra- 
angular (S.Ang) commence a little in front of the posterior end of the splenial and 
extend back to the articular expansion of Meckel’s cartilage. The coronary (Cor.) is 
a slender style situated just m front of the articular expansion, 

Stage H (Plates 12-14, figs. 146-171), 

In this stage the cartilage bones have appeared; all the membrane bones are 
present, the parietals (Pa.) and basitemporals (B.Tmp.), in addition to those 
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developed in the previous stage , and the skull has, m all essential lespects, apart 
from ankylosis, attained its final form As shown m fig 146 (Plate 12), the main 
difference between the skull at this stage and that of the ripe embryo is the piesence 
of a large fontanelle on the roof of the bram-case, due to the limited extent of the 
panetals and frontals Theie is thus a very considerable gap between stages 
G and H, and certain points m the history of the skull, and especially of the basi- 
sphenoidal region, can only be finally settled by the examination of intermediate 
stages. 

The form of the chondrocranium (fig 147) differs from that of the lipe embryo 
only m the more rounded contours of the auditory capsule it will, therefore, be 
unnecessary to describe it in detail, except m so far as it is modified by the appearance 
of the cartilage bones and of the basitemporals 

The basioccipital (B Oc ) is a lanceolate bone surrounding the notochord, and shown 
by sections (figs 168-170) to consist of tolerably dense inner (dorsal) and outer 
(ventral) plates, apparently ectosteal, united by bone of looser texture around the 
notochord. The exoccipitals (Ex Oc ) are also double, their inner and outer laminae 
being continuous round the lateral border of the foramen magnum, as well as round 
the condyloid foramen (fig. 171). The supraoccipital has not appeared in one of the 
specimens belonging to this stage (A bullen , fig 147), m the other (A oivem ) it is 
present as an impaned ectosteal deposit consisting of outer and inner laminae There 
is no indication of its being formed of paired osteites, as in the Chick (31, Plate 82, 
fig. 8) 

The prootic (Pr Ot,) is a small irregular bone on the inner face of the anterior 
region of the auditory capsule it is ectosteal and penetrates for a very short distance 
mto the cartilage (fig 169) The opisthotic (fig 171, Op.Ot) is a small endostosis 
m the postero-ventral region of the auditory capsule, immediately mesiad of the 
utnculus and laterad of the exoccipital There is no indication of a separate epiotic, 
but it appears to be already fused with the supiaoccipital, since the latter bone is 
traceable on each side into the auditoiy capsule as far as the posterior semicircular 
canal. 

The interpretation of the basisphenoidal region is made difficult by three changes 
which have occurred simultaneously since the previous stage. The parosteal basi- 
temporals and the endosteal basisphenoid have made their appearance . these two 
bones have partly ankylosed, and the cartilage of the region has undergone partial 
absorption. 

In the entire chondrocranium the basisphenoid (fig 147, B Sfth.) appears in a 
view from above as an irregular bone forming the floor of the pituitary fossa and the 
dorsum sellse, and ending caudad immediately in front of the posterior basicranial 
fontanelle (p her jo ), which separates it from the basioccipital A ventral view 
(fig 148) shows the basitemporals (B Tmjp ) already united with one another and 
with the rostrum. Their posterior edge is deeply notched, and between the notch 

K 2 
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and the basioccipital lies the posterior basicranial fontanelle ( [bp.cvfo .) filled with 
connective tissue. 

A transverse section through the posterior basicranial fontanelle (Plate 14, fig 167) 
shows the cartilage of this region to be hardly at all absorbed, and to consist of paired 
halves, each with a broad ventral portion bounding the fontanelle (p bcrfo.) and of 
a narrow dorsal portion inclined outwards 1 he basitemporals ( B Enp. ) aie seen as 
paired parostoses lying ventrad of the cartilage, passing upwards into the fontanelle 
and partially ossifyi ng the cartilage on each side The lateial extension of the basi¬ 
temporals beyond the cartilage is noteworthy as accounting for the increased breadth 
of the fully ossified skull m this region (cf Plate 9, fig 76, with Plate 11, fig. 124), 
and for the altered position of the carotid foramina, the arteiies becoming enclosed 
between the basitemporals and the cartilage (of. figs. 140 and 167, Int Car.). 

The section shown in fig^ 166 is taken through the dorsum sell®, and may therefore 
be considered as corresponding with fig. 139 (Plate 12) of the previous stage and with 
fig. 118 (Plate 10) of Stage F. The basitemporals have extended dorsad on each 
side, so as to come m contact with the basisphenoidal cartilage at its junction with 
the alisphenoids (ALSph ). A considerable space is thus shut in on each side of the 
primitive basis crann, enclosing the internal carotid (Int.Car.) completely and the 
Eustachian tube (Eus T) partly, A large cavity ( pn.c.) is also enclosed in the same 
space, filled at present with coagulum, but becoming in the adult the pneumatic 
cavity of the basis crami The section passes through the posterior end of the basi- 
sphenoid bone (B Sph ), which extends downwards into the cartilage. The latter is 
largely absorbed, but the irregular area Pr.Ch. probably represents the prochordal 
cartilage, and the mass y the commissural band y of earlier stages (cf fig. 139). 

In the next section figured (fig. 165), which is also through the dorsum sellao and 
not more than O’i mm. cephalad of fig. 166, the absorption of cartilage has gone 
farther still, mere traces of the medio-ventral region of the basisphenoid cartilage 
being left. 

The three next sections (figs 164, 163, and 162) are taken at short intervals 
between the dorsum sellse and the pituitary body. In the hindmost (fig. 164) the 
depression for the pituitary fossa has already begun as far as the cartilage is concerned, 
but is bridged over by the basisphenoid bone (B.Sph.). Thus it would seem that on© 
result of ossification is to fill up the hinder part of the pituitary fossa, and so to 
reduce slightly its antero-postenor extent (cf Plate 10, fig. Ill, and Plate 14, 
fig 174). 

In fig 163 the internal carotids (Int.Car.) are seen emerging through their 
foramina into the pituitary fossa, so that this section corresponds fairly with fig. 138 
(Plate 12) of Stage G. The cartilage is retained to a greater extent than in 
succeeding sections, there being a small ventro-lateral patch, which in fig. 162 
(Plate 13) is seen to pass into the root of the basipterygoid process (B.ptg pr) 
fes^both '-fig. 462 and fig. 163 the distinction between the basitemporal and the basi- 



AND DEVELOPMENT OP APTERYX. 


69 


sphenoid is well marked ventrally, there being a distinct space between the two. 
Laterally, however, they pass into one another, and it would require a careful 
examination of one or more eailier stages to determine exactly their respective limits 
As far as I can judge from the whole series of sections of the present stage, the 
colouimg m figs 161-167 is coirect 

Fig. 161 passes through the pituitary body (. Pty) and the anterior basicranial 
fontanelle (a bcrfo ) The basitemporal covers the fontanelle and is continuous on 
each side with the basisphenoid, which has here the form of paired ossifications m the 
cartilage, extending ventro-laterad into the basipterygoid processes. 

At the level of the optic chiasma (fig 160, Nv II) the basisphenoid caitilage is 
quite unossified, and is underlaid by the rostral portion of the parasphenoid [Rost ), 
which shows no tendency to invade the cartilage either here or elsewhere 

It appears, therefore, that the basisphenoid bone, m this stage, is an unpaired 
ossification m the medio-venti al region of the pituitary fossa, extending upwards or 
backwards into the dorsum sellse, and sending forward paired prolongations on each 
side of the anterior basicranial fontanelle, that the basitemporal is a fiat bone 
applied bo the basisphenoid and curved upwards on each side so a.s to abut against 
the chondroeramum at the junction of the basi- with the all-sphenoids and enclose 
paired spaces, external to the chondroeramum but mesiad of the basitemporal, 
containing the internal carotids and the pneumatic cavities of the skull floor, and 
that the basitemporal and basisphenoid have already largely ankylosed. In this 
way the form of the basisphenoidal region is profoundly altered by ossification. 

Moreovei, a glance at the sections shows that the pituitary fossa is much 
shallower, and the whole of this region of the skull more depressed, m this than in 
the preceding stage Compare particularly fig 161 with fig 3 36, fig 163 with 
fig 138, fig 166 with fig 139, and fig 167 with fig 140. 

The alisphenoid (fig 165, AlSph) is ossified by a double ectosteal deposit The 
presphenoid (fig 159, Pr Sph.) and orbitosphenoids are unossified, but the latter, 
reduced as already mentioned to a narrow hand (fig. 147, Orb.Sph ), is overlaid by 
the orbitosphenoid process of the frontal (fig 159, Pr ). 

An endostosis has made its appearance m the mesethmoid (figs 156,157, Pth Pr.Sph.), 
but m the specimen of A bulleri it does not extend to the dorsal border of the 
cartilage, and is therefore not visible from outside (figs 146, 147) The turbmals 
are quite unossified, but the anterior portions of these and of the lateial ethmoids 
are now fully chondnfied (figs 149-159). The anterior part of the nasal cavity as 
far back as the junction of the first and second portions of the ectoethmoid is still 
filled with a solid mass of epithelial cells (figs. 150-152). 

The relations of the antrum of Highmore are well seen m this stage It is a 
spacious cavity (fig 158, Ant.Hgh ) containing coagulum, lying ventro-laterad of 
the posterior portion of the ectoethmoid (Ec Pth 5) and below the orbit Its 
posterior limit is at about the level of the hinder boundary of the eye * m front 
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it divides into two branches, one of which (fig. 156, Ant Iigh ') enters the cavity of 
the anterior accessory turbmal (A.A Trb .), while the other (Ant.Ugh ) passes 
forward just outside the vential region of the ectoethmoid (j Eg Eth 4) and soon 
ends blindly. I was not able to mate out any connection between the antrum and 
the olfactory cavity. 

The body of the quadrate (Plate 14, fig. 165, Qu.) is well ossified, but its articular 
ends (figs 165 and 169) and orbital process (fig. 160) are still cartilaginous. The 
otic process has its adult relations, articulating with the prootic, the alisphenoid, 
and the cartilaginous facet of the squamosal (fig 169). The articular (fig. 165, Art) 
is not yet ossified 

The membrane bones have advanced so far that there is nothing to add to the 
description of Stage K, except to mention that the dentanes and splenials have not 
yet ankylosed. 

Stage I (Plate 14, figs. 172-174). 

The advance beyond the previous stage is slight, the most important differences 
being due to the extension of the cartilage bones. The supra occipital (fig. 172, 
S.Oc.) is well ossified, the ethmo-presphenoid ( Eth.Pr.Sph .) has appeared on the 
surface, and extends both into the ectoethmoids and into the anterior half of the 
crista galh. All the other cartilage bones have increased in sizo so as to reduce the 
width of the synchondroses, and the great fontanelie in the roof of the skull has also 
diminished considerably. 

In two of the specimens belonging to this stage sagittal sections of the basis cranii 
were made: these are shown m figs. 173 and 174, and illustrate certain points m the 
structure of this region of the skull with great clearness. 

In both sections the basioccipital (B.Oc.) is seen to end at the hinder boundary 
of the posterior basicranial fontanelie ( jg.bcr.fo ), the ventral lamina of the bone ex¬ 
tending further forwards than its dorsal lamina. The notochord ( JSFch .) emerging 
from between the two laminse, turns upwards and is traceable for some distance up 
the dorsum sellse, being imbedded in the periosteum of the latter, and in the con¬ 
nective tissue of the posterior basicranial fontanelie. 

In one of the two specimens examined (A. australis, fig. 173) a considerable 
portion of the cartilage of the basisphenoidal region is retained. The median 
portion of the dorsum sellse is formed by a large cartilage (Pr.Ch.) apparently 
derived from the prochordal cartilage of earlier stages (Plate 11, fig. 126, Pr.Ch.). 
There is also a large irregular mass of unabsorbed cartilage (xy) in the floor of the 
pituitary fossa, evidently the remains of the commissure marked xy in Stage Gr 
(fig. 126) The basisphenoid bone (B Sjph ) is a thin plate continuous behind with 
the basitemporal ( B.Tmp .). 

A In the other specimen (A. bullen , fig 174) the basisphenoidal cartilage is com¬ 
pletely absorbed and there is no trace of the prochordal nodule. The basisphenoid 
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bone ( B.Sph ) is continuous with the basitemporal both in front and behind, the 
posterior ankylosis being immediately cephalad of the posterior basicranial fontanelle 
(p.bcr fo ), the anterior immediately caudad of the anterior fontanelle (a.bcrfo.) 


c. Changes Undergone by the Shull subsequent to Hatching 

Stage L 

In a specimen of Apteryx australis a few weeks old the skull is considerably thicker 
and firmer than at the time of hatching The intervals between the roofing bones 
are less than m Stage K, but their edges are still connected by membrane, there being 
no true sutures 

Stage M 

In the dried skeleton of a young A owem the various cranial bones are still 
separate but m close contact with one another, the synchondroses between the 
cartilage bones being reduced to a minimum, and the roofing bones articulating with 
one another by true dentated sutuies The ethmo-presphenoid, although larger than 
in previous stages, has not yet extended into the presphenoid region, which is still 
cartilaginous. The turbmals had unfortunately been removed m preparing the skull: 
they were probably not yet ossified. 

Stage N 

This stage consists of the dried skull of a young specimen of A owem. Ankylosis 
has taken place between the occipital and otic bones and the basi- and ali-sphenoids 
The lambdoidal suture is obliterated, but the coronal, sagittal, and frontal sutuies 
still remain, as well as those between the frontals and alisphenoids. 

The ethmo-presphenoid bone has extended so as to ossify the presphenoid, nearly 
the whole of the fifth or posterior portion of the ectoethmoid, the roof of the third 
and fourth portions, and the greater part of the turbmals • m the mesethmoid it has 
extended as far forward as the anterior end of the parasphenoidal rostrum. The 
bony ectoethmoids are still separate from the mesethmoid both ventrad and caudad, 
but the ethmo-presphenoid has already ankylosed both with the rostrum and with 
the orbitosphenoid processes of the frontals. 

Stage 0. 

In two sub-adult skulls of A. owem the sagittal, coronal, frontal, and fronto-ah- 
sphenoidal sutures are retained. The ectoethmoidal portion of the ethmo-pre¬ 
sphenoid bone has further extended and has ankylosed with the perpendicular plate 
(mesethmoid plus presphenoid), the basisphenoid, and the descendmg process of the 
frontal. The lacrymal and the descendmg process of the nasal are still distinct, and 
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the sutures between the premaxillae, maxillae, palatines, pterygoids, and vomer are 
open 

Adult. 

In the adult skull the sutures m the brain case have completely disappeared the 
nasals have ankylosed with the nasal processes of the premaxillae, with one another, 
and with the ethmo-presphenoid the lacrymal has united with the ectoethmoid 
and with the descending process of the nasal, and the palatine processes of the pre- 
maxillae, the maxillae, jugals, quadrato-jugals, vomer, palatines, and pterygoids, are 
all immovably united together Thus the quadrate and the columella are the only 
free bones m the skull Owing, however, to the slenderness of the connection 
between the nasal and palatine processes of the premaxillae, and to the fact that the 
bones of the palate remain free from those of the base of the skull, the whole palate 
(i.e., the united palatmd processes of the premaxillae, maxillae, jugals, quadrato- 
jugals, palatines, pterygoids, and vomer) can be lifted away from the skull proper, the 
slender body of the premaxillse serving as a hinge 


2. The Vertebral Column, including the Btbh. 

a At the time of Hatching (Stage K). 

(Plate 15, figs. 175-190.) 

The detailed descriptions of the vertebral column m the adult given by Owen (24) 
and by Mivart (21) allow me to confine myself to such points of structure as can 
only be made out by the examination of young specimens 

Tor descriptive purposes I find it necessary to make a slight addition to the 
terminology of this part of the skeleton. As Baur (4) has pointed out, the so-called 
neurapophyses and pleurapophyses are not processes of the body but distinct elements, 
and he, therefore, proposes to call them respectively neuroids and pleuroids. He does 
not state, however, whether these terms are intended to apply to the cartilaginous or 
to the bony vertebrae or to both The distinction is an important one because the 
ossifications which appear in the neuroids extend ventrad into the centrum, so that 
the cartdagmous and bony elements of the vertebra do not strictly correspond one 
with another. In practice I find it very convenient to be able to state without 
unnecessary circumlocution, not only whether a given process springs from centrum 
or.neuroid, but whether it is connected with the ossification of the centrum or with 
the ossification of the neuroid. 

Starting with the teyms chondrite and osteite already proposed (p. 43), the 
cartilages of which any vertebral segment is formed will be called respectively the 
- neurochondntes, and fleuroohondntes. By the concrescence of 
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these is formed a cartilaginous vertebra, the regions of winch are centrum, neuroids, 
and pleuioids. When ossification takes place one or two centres appeal in the body, 
the centrasteites, one in each neuroid, the neurosteites, which extend ventrad into 
the body, and one m each pleuroid, the pleurosteites Thus the entne centium of 
the bony vertebra, although co-extensive with that of its cartilaginous predecessor, 
consists not only of the single or paired centrosteites but of the ventral ends of the 
neurosteites 

The atlas of a newly-hatched Kiwi (Plate 15, figs. 175 and 176) consists of three 
distmct osteites, united by synchondrosis As is proved by the development of the 
bone (p 79), the ossification which forms the ventral portion, or so-called body 
(pt oc mt c ), is not the centrosteite but a postoccipital intercentrum It is semi¬ 
lunar m form, having a concave dorsal and a convex ventral border ; its anterior face 
is concave, its posterior face convex, and both are thinly covered with cartilage 

The neurosteites (n ost ) are separated from the mtercentrum by broad cartila¬ 
ginous intervals, and meet with one another in the middle dorsal line by a very 
narrow synchondrosis Between the dorsal border of the “body” and the broad 
cartilaginous ventral ends of the neuroids is a nearly semi-circular notch, across 
which is stretched a strong transverse ligament (Ig) perforated m the centre for the 
odontoid In this stage, therefore, the atlas has quite as obvious a dorsal notch as 
that of the other Batitse (c/ Mivart, 21, p. 34). There is no trace of the hyp- 
apophysis present m the adult, and the hyperapophyses are small. 

The axis (figs 177-179) contains altogether seven ossifications—three m the com¬ 
pound body, one m each neuroid, and one m each pleuroid or transverse process. 

The centrosteite of the axis itself (c ost ) forms rather more than the posterior 
half of the body; it is flat in front, and presents behind the usual saddle-shaped 
surface covered by cartilage, m which a slight dimple marks the position of the noto¬ 
chord. Immediately cephalad of the dorsal half of this bone is the separate ossifica¬ 
tion of the odontoid ( Od ), which as Baub. has shown m Carinatse, and as will also 
appear from the consideration of earlier stages (p 79) is really the centrosteite of 
the atlas. The odontoid is far less aberrant than m the adult (21, p. 34), being 
short and blunt with a flat dorsal and a convex ventral surface 

The third ossification of the body (pt atl mt c ) lies beneath the odontoid and 
cephalad of the ventral half of the true centrum , it is a tranveisely elongated bone 
with a concave anterior surface It represents a second or post-atlantal inter¬ 
centrum 

* 

The neurosteites are united above by a thick mass of cartilage produced into a 
short blunt neural spme The perforated transverse processes or pleuroids contain 
each a small pleurosteite (pi.ost.) at its ventral end; this is the “ small and rudi¬ 
mentary parapophysial process ” of Mivart. 

The 3rd to the 15th vertebrae (figs. 180-182) resemble one another in 
essentials, m matters of detail there is nothing to add to Mivart’s description, 
MDCCCXCI.—B. L 
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Each contains five ossifications, a centi osteite [cost) forming the greater part of the 
body, paiied nenxosteites ( n.ost ), ossifying the nenroids and the dorso-lateral portions 
of the body, and paired pleurosteites (pi ost ), ossifying the ventral portions of the 
pleuroids 

The neuro-central suture (n c.su ) is somewhat oblique fiorn befoie backwards, 
being lower at its anterior than at its posterior end, as a consequence, a smaller 
proportion of the body is formed from the neurosteites behind than in front (cf figs 
181 and 182) 

The most striking difference of the cervical vertebrae in this stage from those of 
the adult is their relatively smaller antero-posterior dimensions. This is well seen by 
compaimg fig. 180 with Mivart’s woodcut (21, fig 34, p. 36) of the corresponding 
vertebra m the adult. 

The 16th (fig, 183) is the last cervical vertebra, according to Huxley’s notation, 
the first dorsal (thoracic) of Owen, and the cervico-dorsal (better oervico-thoracic) 
of Mivart It differs fiom its predecessors mainly in the large size of its 
pleurosteites ( Cv.Th.Bb ), which form slender free ribs about three-fourths the 
length of the vertebral ribs of the succeeding segment. Mivart does not specially 
describe the articulation of these ribs. Owen (24, p. 33) states that “ the part 
corresponding to the head and neck, as usual, is not developed, and it is attached to 
the transverse process by the part analogous to the tubercle.” From this it would 
follow that m Owen’s specimen there was no space corresponding to the verte- 
brartenal canal of the preceding veitebree. 

In the specimen now under discussion there are large cartilaginous parapophyses 
( parap ) springing from the centrum and large cartilaginous downgrowths from the 
ventral surfaces of the transverse processes or diapophyses (dia/p ). The head of the 
rib is single, but bears two distinct facets, nearly confluent on the left side, a 
tubercular facet articulating with the diapophysis and a capitular facet with the 
parapophysis. Between the two is a well-marked vertebrarterial canal. 

The so-called uncinate processes are distinct cartilaginous plates, attached by 
fibrous tissue to the posterior border of the ribs, and each containing a small 
endostosis. As they are not processes of the ribs at all, but independent chondrites, 
I propose to call them simply uncmates # In Owen’s specimen they were absent in 
the cervico-thoracic vertebra. 

In the 17th or first thoracic vertebra (fig. 184) the head (capit.) of the rib is 
quitq short, and the tubercle (tuber c.) articulates with a thick cushion of cartilage 

* Furbrjhger states (11, p 632) that uncmates hare not lntherto been found m Dinomia, This is 
certainly not the case; they have obviously not been described, smoe it is hardly likely that even the 
most insignificant paper on the subject can have escaped the learned author of the ‘ Morphologic und 
Systematik der Vogel ’, but they are by no means uncommon m deposits of Moa bones, and are present 
m no fewer than eight skeletons m the Otago University Museum, usually as distinct hones, but m some 
Cases ahHylosed to the ribs 
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on the under side of the transverse process (chap ). In the second thoiacic (fig 185) 
this cartilage is reduced in thickness, and at the same time the head of the rib is 
lengthened. Thus, m passing from the cervical to the thoracic legion, there is a 
gradual ascent of the plane of segmentation between the diapophysis and the tubeicle 
of the rib 

The first four thoracic vertebrae (17th to 20th of the whole series) bear ribs united 
to the sternum by ossified sternal ribs (see fig. 204), the next four (21st to 24th) 
have few ribs, and are called by Mivart dorso-lumbar This name appears to me an 
unfortunate one, a lumbar vertebia is defined as one devoid of ribs, so that these 
vertebrae are in no sense transitional between the thoiacic and lumbar regions. 

The first six thoracic ribs bear uncmates (see fig 204, Unc ), m the seventh and 
eighth these bones are absent This is also the case m Owen’s figure (24, Plates 8 
and 9), but it is stated m the text that they are present in all but the last 

The last thoracic (24th) vertebra (figs 186 and 187, Th. 8) .shows transitional 
characters between the remaining thoracic and the lumbar vertebrae The diapophysis 
(diccp ) is short and confluent at its base with the parapophysis, and the capitular and 
tubercular facets of its ribs are also confluent. 

In one of the specimens belonging to this stage, a newly-hatched A. australis , the 
last thoracic is already united to the first lumbar by the concrescence of their centro- 
chrondntes (figs 186 and 187), their centrosteites aie, however, quite distinct, and 
the only union between the arches takes the form of a narrow longitudinal bridge of 
cartilage from spine to spine In an unhatched A bulleii the last thoracic is 
still free 

The twelve vertebrae following the last thoracic—viz , the 25th to the 36th of the 
entire series—are united together by complete concrescence of their centrochondntes, 
and partial concrescence of their aiches, by median longitudinal bands uniting the 
unossified neural spines (fig. 186) Both centrosteites and neurosteites are still quite 
distinct, and the ilia can be readily removed by maceration, so that there is no diffi¬ 
culty m determining the precise number and character of the vertebrae comprised in 
the compound sacrum, or, as it may conveniently be termed, syn-sacrum. As there is 
some diffeience of opinion as to the interpretation of this difficult region, I propose, m 
the first instance, to describe the facts as I find them m the specimens now under 
discussion, and afterwards to give the conclusions at which I have arrived as to the 
classification of the several vertebrae. 

In the 26th to the 33rd vertebrae the ventral face of the centrum undergoes a 
marked flattening, and, as a consequence, the neuro-central suture or synchondrosis is 
lowered m position (fig 186). This is especially the case m the 28th vertebra/' m 
which the centrosteite can barely be seen from the side. At the same time the 


* In figs 186-190, tbe number m brackets is that of fcbe vertebrae m tbe entire series .eg, the fiist 
caudal is marked Gel i (so) 
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neural canal is greatly increased m vertical extent, to accommodate the sacral enlarge¬ 
ment of the myelon. 

In the majority of the vertebrae of the syn-sacrnm—namely, ftom the 23rd to the 
33rd—the intervertebial foramina (fig 186, mt vert for.) are vertical slits between 
the vential ends of the neurosteites 

The 25th vertebra (Lb. l) resembles the 24th or last thoracic, but its transverse 
process is smaller, and consists of a low oblique ridge arising entirely from the neur- 
osteite In the 26 th the transverse process is still blunter, and shows a tendency to 
divide into two parts, a parapophysis (parap ) arising partly from the neuro-cential 
synchondiosis, and a very low roughened elevation (diap.) on the neurosteite, which 
represents the diapophysis. 

In the 27th and 28th vertebrae the di- and pleur-apophysis are separate. The 
diapophysis is reduced to a roughened area on the neurosteite, hardly raised above 
the level of the bone , the pleurapophysis is a blunt process, arising entirely from the 
neuio-central synchondrosis, and, m the 28th vertebra, of considerable size (fig. 187, 
Lb 4, parap.). 

In the next four (29th-32nd) vertebra, there is no trace of parapopliyses; in the 
29th there is an inconspicuous diapophysial area on the neurosteite, similar to, but 
smaller than, those on the preceding vertebras; in the 30th and 31st there is no trace 
of this area, these vertebrae being wholly without transverse processes ; in the 32nd, 
although the parapophysis is still absent, the diapophysis is represented by a low 
cylindrical cartilaginous elevation, arising from the neuroid immediately above the 
neurosteite, and abutting against the ilium. 

In the 33rd vertebra (Sc. l) the diapophysis is like that of its predecessor, but the 
parapophysis is an outstanding process containing a distinct ossification, the pleur- 
ostette or sacral rib (pl.ost.). In the 34th there is also a distinct pleurosteite, which 
is curved forwards so as to approach distad the corresponding part of the preceding 
vertebra, the cartilaginous ends of the two sacral ribs being united (fig. 187): the 
diapophysis and parapophysis are united by a vertical ridge of cartilage (fig. 186). 
In the 35th the di- and par-apophysis are also united by a vertical ridge, and the 
pleurosteite or sacral nb is short and free at its distal end (fig, 187). 

The united ends of the first and second sacral ribs abut against the cartilaginous 
interval between the ilium and ischium, immediately caudad of the acetabulum and 
mesiad of the antitrochanter 

The 36th vertebra (Cd. l) has the centrum laterally compressed, and the transverse 
process is a vertical ridge representing both di- and par-apophysis. The neuro- 
central suture in this, and indeed m the two or three preceding vertebrae, is precisely 
at the junction of centrum and neuroid, so that, for the first time, the vertebral body 
consists entirely of the centrosteite, the neurosteites being confined to the arch. 

, According to Huxleys notation (16), the 25th to the 28th vertebrae are lumbar, 
the 29%h to the 32nd sacral, while the 33rd to the 36th are the first four of the caudal 
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series Mivart (21), largely following Gegenbaur, calls the 25th to the 28th 
lumhar, the 29th to the 32nd lumbo-sacral, the 33rd to the 35th sacral, and the 36th 
the first caudal The two chief factois m determining the question are (1) the origin 
of the neives which unite in the sacral plexus, and (2) the presence of distinct sacral 
ribs Huxley lays the greatest stress on the first of these, both are taken into 
consideration by Gegenbaur, as also by Mivart and Clarke (22a), m whose papei 
the whole question is discussed. My Father (38) follows Huxley. 

It appears to me that without a fairly complete series of the intermediate forms 
between Birds and then reptilian or proto-reptilian ancestors, the question is lather 
one of dialectic than of mductive morphology After a caieful consideration of the 
arguments, I have come to the conclusion that, m the present case at any late, 
Gegenbaur’s view has the most to be said for it, and that the vertebrae bearing 
distinct pleuiosteites (33rd-35th) aie those to which the name sacral should be 
applied. Mivart’s name, lumbo-sacral, for the presacial vertebrae without pai- 
apophyses is convenient, and well worthy of adoptron 

The 87th or second caudal is even more compressed than the first, and has no 
trace of transverse processes The 38th is somewhat less compressed, and shows no 
distinction between centrosteites and neurosteites Its arch bears a very inconspicuous 
diapophysial tubeicle, and there is a distinct neural spine. It is the last vertebra 
with which the ilia aie m contact, so that the syn-sacrum of Apteryx includes three 
thoracic, four lumbar, four lumbo-sacral, three sacral, and three caudal vertebrae. 

The name sacro-caudal, applied to the first three caudal vertebrae by Mivart* 
although convenient in some respects, is baldly necessary If, m the designation 
of the vertebrae, the fact of their union in the syn-sacrum is to be expressed, the 
last three thoracic should be called thoiacico-sacral, and all the lumbar, lumbo-sacral 
As already stated, I propose to retam the name lumbo-sacral for the 29th-32nd 
vertebrae, not to intimate their union m the sacrum, but to express the fact that 
they are vertebrae of a special character, coming between undoubted lumbar and 
probable sacral vertebrae 

The 39th or fourth caudal is the first free vertebra of the caudal series It is 
considerably smaller than its predecessors, and its neural spine is so short as to be 
practically obsolete In it also there is no distinction between centrosteites and 
neurosteites, the ossification of the body passing dorsad into the neuroids. There 
is a very short and inconspicuous diapophysis The 40th differs from its predecessor 
in the possession of a shoit cartilaginous par apophysis (fig 187, Cd 5, parap ) in 
addition to a very inconspicuous diapophysis 

In the 41st-43rd (6th to 8th caudal) the di- and par-apophyses have united into a 
blunt vertically elongated tubercle, which occupies the whole lateral surface of the 
centrum. The neuroids are united dorsad by connective tissue, so that the short 
neural spine is double (fig 189, Cd 8, neur). 

In the 44th-46th (ninth to eleventh caudal) the neural canal is open above, the 
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nemoids being widely separated, and, indeed, in the 45th and 46th, slightly divergent 
(fig. 189). The 44th and 45th resemble their immediate predecessors m general form, 
but the 46th, or last vertebra of the entire series (figs 188 and 189, Cd ll) is a broad 
trough-like bone, somewhat resembling the pygostyle of many birds The 45th and 
46th differ from the seven pieceding vertebrae m having distinct neurosteites (figs. 188 
and 189, n ost ) in the form of minute endosteal granules in the short neuioids. 

The vertebral formula of the specimen described may therefore be written thus — 

S Sc, 

Cv 15 Cv Th 1 Tk, 4 —f- 1 —f- 3 Lb 4 Lb Sc 4 . Sc 3 Cd, 3 -j~ 8 = 46, 

H 

i e , there are fifteen cervical vertebrae, one cervico-thoracic, eight thoracic — of 
which the first five are free, and of these the first four have ribs articulating with 
the sternum — four lumbar, four lumbo-sacral, three sacral, and eleven caudal, of 
which the last eight are free The bracket encloses all those veitebra? which are m 
contact with the ilia, and so form the syn-sacrum. 

There are two caudal intercentra, each consisting of paired cartilages (mt.ccnt ), 
the first lying between the eighth and ninth caudal vertebra), the second extending 
fiom the posterior end of the ninth to the anterior end of the eleventh. 

In a ripe but unhatched chick of A. bulleri referable to this stage, the last thoracic 
has not yet united with the first lumbar vertebra, but the only differences of impor¬ 
tance are in the caudal region, which contains (fig 190) only nine vertebra), and a 
vestige of a tenth. The ninth (44th of the whole series) alone has an open arch, with¬ 
out neurosteites, and the tenth (Cd. 10) is a mere nodule of cartilage attached to the 
posterior face of the body of its predecessor. The specimen also serves to confirm the 
observation made above, that the neuroids of most of the caudal vertebrae are ossified 
by dorsal extensions of the centrosteite, or in other words, have each but a single 
centre of ossification. 


b Development of the Vertebral Column, 

Stages A and B (Plate 4, figs. 31-33) 

The secondary segmentation of the vertebral column has begun. The mesoblastio 
somites are still separated by narrow fissures (fig. 33,/.), the mu sole plates (M,Pl.) 
are differentiated, and the mesoblast immediately surrounding the notochord is under¬ 
going concentration to form the rudiments of the vertebral bodies (figs. 31-33, Cent.). 

Stage C (Plate 5, figs. 43 and 44). 

The patohes of concentrated mesoblast from which the centra arise (fig. 44, Cent.) 
are, considerably more obvious than m the preceding stage, and the cells composing 
them have become arranged in a concentric manner round the notochord (fig, 43, 
Cent ^ *They have not yet, however, passed into the condition of prochondral tissue. 
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Stage D (Plate 15, figs 191-193). 

The vertebrae are now well chondrified, and in all cases the neuro- and centro-chon- 
drites have united so as to form complete cartilaginous vertebrae The neural arches are, 
however, incomplete dorsad throughout the whole column, the neuroids not having yet 
united above the spinal cord This is particularly well marked m the sacral (fig 193) 
and caudal regions, m which the whole dorsal surface of the cord is covered only by 
membrane In the sacral region, moreover, the right and left moieties of the centrum 
do not quite meet below the notochord (fig 193), so that the body presents a narrow 
membranous interval m the middle ventral line 

The pleurochondntes of the cervical vertebrae or cartilaginous cervical ribs (fig 191, 
pi chn ) have evidently only recently chondrified, and form mere nodules united by 
membrane with the di- and par-apophyses The thoracic ribs (fig 192) are well 
chondrified, but there is no trace of sacral ribs (fig 193),^ and in fact the whole of 
the post-thoiacic vertebrae appear to be devoid both of lateral out growths and of 
pleuro-chondrites 

The vertebrae generally are very much higher m proportion to their breadth than m 
later stages, the centra being nearly circulai m section and the transverse processes 
short (compare fig. 191 with fig 181, and fig 192 with fig 184). 

Stages E and F (Plate 15, figs 194-197) 

In both these stages the vertebral column was cut into sagittal sections, there is 
so little difference between them that they may he considered together. 

The vertebral formula differs from that given on p 78 in the presence of an 
additional caudal vertebra, the total number bemg 47. The cartilaginous centra are 
still annular, the notochoid havmg undergone but little relative reduction ; its diameter 
is on the average more than half that of a centrum 

The composition of the atlas and axis is remarkably well seen, and corresponds 
precisely with BAim’s account (4) The true body (centrochondnte) of the axis (fig 
194, c chn.) is similar to that of the succeeding vertebrae, but is joined in front by a 
narrow fibrous interval to the odontoid or atlantal centrochondnte (OcZ.), which like 
the other vertebral bodies and the basioccipital ( Oc.Cn .) is perforated by the noto¬ 
chord Lying together ventrad of the notochord are two mtercentra, one post- 
occipital (pt oc %nt c ) which forms the so-called body or inferior arch of the atlas, the 
other post-atlantal (pt ail into ) which subsequently unites with the proper body of 
the axis behind and with the odontoid above The neurochondrites of the atlas have 
already united with the post-occipital intercentrum but have not yet joined with one 
another above the spinal cord. In all the succeeding vertebrae the neural arches are 
completely formed. 

The notochord as seen in a median longitudinal section of the cervical region (fig. 
194, Nch ) has straight dorsal and ventral contours, but sections taken a short dis¬ 
tance to the right or left of the median plane (fig. 195) show it to be distinctly 
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beaded, being constricted m the middle of each centrum and dilated interver- 
tebrally. 

In the thoracico-lumbar region there are, in addition to the vertebral const notions, 
slight constrictions of the notochord m the intervertebral regions, the mdiments of 
the menisci having grown inwards as nanow annular lidges In the sacral (fig 196) 
and anterior caudal regions both vertebral and intervertebral constnctions are well 
marked, theie being two notochordal “ beads” to each vertebral segment. In the 
posterior caudal region (fig 197) the only constrictions on the dorsal surface are inter¬ 
vertebral, there being a distinct dilatation in each centrum; ventrally, however, there 
are vertebral ingrowths as well 

My Father (38) considers “these headings as a true historical record of develop¬ 
ment,” and as indicating a far greater number of vertebrae in the ancestors of Birds 
than in existing forms I think, however, that a good deal of weight should be 
attached to the fact that the number of segments in Apteryx undergoes no alteration 
from a period corresponding to the fourth day of incubation in the Chick 

The last free and normal vertebra is the 45th (Cd ll); the body of the 4Cth 
(Cd 12) is fused ventrad of the notochord with that of the 47th (Cd. 13), but is fiee 
above the notochord The body of the 47th is a long hollow cone of cartilage, pro¬ 
jecting some distance caudad of its arch, so that the posterior end of the neural canal 
is freely open above. 

The uncinates (Plate 16, fig. 217, Unc.) are quite separate from the corresponding 
ribs, and are not chondrified. 

Stage Q (Plate 15, figs. 198-203). 

In one specimen belonging to this stage (A. oweni) the vertebral column was pre 
pared by dissection, and the vertebrae examined separately, m the other (A. australis) 
transverse sections were made. 

The atlas (fig. 198), examined as an opaque object, appears to have an annular body, 
there being a complete foramen instead of a notch for the odontoid. Sections show*, 
however, that the part lying dorsad of the odontoid foramen (Ig.) is formed of indiffe¬ 
rent tissue, and is the rudiment of the ligament (figs. 175 and 176, Ig) found in this 
position in later stages The neural arch is still completed above by indifferent tissue. 

In the axis (figs. 199 and 200) the three chondrites of the compound body have 

all eoncresced, the vertebra now consisting of solid cartilage. Idle pleurochondrites 

(plchn) are very small, and their dorsal or tubercular ends have united with the 

neuroids, their ventral or capitular ends being still separated from the centrum by a 

narrow tract of indifferent tissue. The odontoid (Od.) is a short nipple-like process, 

ornthe apex of which is a minute dimple (Nek), indicating the position of tho greatly 
reduced notochord. b J 

There is nothing of special importance about the remaining ’cervical, the thoracic 
ttie lumbar vertebras, except that all those going to form the syn-sacrum 
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are quite distinct, concrescence of the cartilaginous centra not having yet com¬ 
menced The sacral vertebrae (fig 202) have diapophysis (chap ) and parapophysis, 
or rather pleuroids ( pleur ), quite continuous respectively with neuroid and centrum, 
so that transverse sections of earlier stages would be required to show whether or not 
the sacral ribs originate as distinct chondutes. 

There are twelve caudal vertebrae, the last of which, or 48th of the whole series 
(fig. 203), is short and nodular. Comparing the end of the tail m this and other 
stages, it would appear that, m the present case, an additional centrum is differen¬ 
tiated from tbe cartilaginous sheath of the caudal end of the notochord, the 47th 
and 48th vertebrae of the embryo now under discussion having the same general 
relations as the elongated 47th of Stage E (fig. 197), or of the trough-like 46th of the 
ripe embryo (fig. 189) It is quite obvious that the precise mode of segmentation of 
this region is a matter of individual variation 

In the last three vertebrae (fig 203), the neuioids do not meet m the middle dorsal 
lme, the neural arch being, therefore, widely open above In the 45th, there is a 
fibrous union , m all the rest the neural arch is completed above by cartilage 

As to their general form the vertebrae are about intermediate between the high or 
compressed condition of Stage D, and the broad or depiessed condition of the advanced 
embryo or adult (compare figs 192, 201, and 185) 

Stage H 

One of the specimens belongmg to this stage (A owem) presents a peculiarity m 
the vertebral formula, which is 

SSc 

Cv 15 CvTh 1 Th ± + l +2 Lb 4 Lb Sc 3 Sc . 3 Cd 3 + 9 = 45 , 

v- v - i '-V-> 

7 12 

that is, there is one thoracic and one lumbo-sacral vertebra less than usual, while the 
number of free caudal vertebrae is nine In the other specimen (A bullen ) the 
numbers are normal. 

The vertebrae have practically assumed then adult characters ossification has begun 
and concrescence of the cartilaginous bodies of the lumbar, lumbo-sacral, and sacral 
vertebrae has taken place 

In the atlas the neurosteites only have appeared, the body (post-occipital inter - 
centrum) being still unossified In the axis there is a centrosteite in the body proper 
and another m the odontoid, but no ossification has yet appeared in the antero-ventral 
region of the body, or post-atlantal intercentrum. * 

The remaining cervical and the anterior thoracic vertebrse have small centrosteites 
and neurosteites from the posterior thoracic to the sacral region only centrosteites 
have made their appearance, the arches being still unossified the caudal region is 
MDCCCXCI —B. M 



82 


PROFESSOR T J PARKER ON THE ANATOMY 


wholly cartilaginous The last caudal vertebra is conical and longitudinally giooved 
above, its neuroids being represented by mere low ridges which do not meet above the 
myelon 

The vertebral ribs are ossified, but their uncmates, as well as the cervical and sacral 
pleuroids, are still cartilaginous. 

Stage I (Plate 15, fig 204) 

This stage only differs from its predecessor in the further extension of ossification. 

Fig. 204 is introduced m order to show the relations of the vertebral column, 
vertebral and sternal ribs, uncmates, sternum, shoulder-girdle, and pelvis m an 
advanced embryo It will be seen that m the specimen figured Ihoie is no uncinate 
on the ceivico-thoracic rib (Cu Th lib.) 


c The Vertebral Column subsequent to Hatching 

Stage L 

This stage differs from the newly hatched embryo (Stage K) only in the further 
advance of ossification, the cartilage being now nearly replaced by bone. The various 
osteites are, however, distinct The last three caudal vertebral have open arches, and 
the last is scoop-shaped. 

Stage M. 

The centrosteites and neurosteites of each vertebia have ankylosed, but the pleur- 
osteites of the cervical vertebrae remain distinct, and there is no union of the separate 
(bony) vertebrae m the sacral region. The atlas still consists of three bones, its 
neurosteites not having yet united with the post-occipital intercentrum * and the 
odontoid and post-atlantal intercentrum have not yet ankylosed with the body of the 
axis. 

The rib of the last thoracic vertebra is only 4 mm. long, and does not pioject 
beyond the ilium • if ankylosed to its vertebra the latter would certainly be counted 
as the first of the lumbar series. There are only three lumbar vertebrae, the lumbo¬ 
sacral ate four, and the sacral three as usual, and there are twelve caudal, the last 
of which is a short blunt bone, its small neuioids meeting above. 

Stage 0 (Plate 15, dg 205). 

Of this stage I have only the syn-sacra of two sub-adult specimens of A. oiueni 
In both the number of lumbar vertebrae is four, but there are only three lumbo-sacral. 
Most of the vertebrae have completely ankylosed, only the last thoracic (Th. 8), 
third sacral, and first caudal (Cd. l) remaining partly free. Ossification has 
extended between the roots of the spinal nerves, so that each intervertebral foramen 
(mt.vert.for.) is now replaced by two small apertures, one for the dorsal and one for 
the veUtral root of the nerve. 
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Adult (Plate 15, figs 206 and 207). 

The number of cervical vertebrae appears to be quite constant, viz, fifteen the 16th 
vertebra is also, in all specimens which have come under my notice, a cervico-thoiacic, 
i.e , bears free ribs which do not meet the sternum. In every instance but one these 
ribs are of considerable length—more than 30 mm —and reach within a short distance 
of the sternum , but m a skeleton of A. australis in the Otago University Museum 
they are only 12 mm long 

In every skeleton examined, except one, the number of thoracic vertebrae is eight, 
the first four of which are connected with the sternum by sternal ribs, while the last 
three are covered by the ilia and so form part of the syn-sacrum, only the last being 
ankylosed. The single exception is m the skeleton of A, australis referred to m 
the preceding paragraph, m which the 25th vertebra—corresponding to the first 
lumbar m other cases—bears on the left side a short about 11'5 mm long, and 
must, therefore, be counted as a ninth thoracic. 

The usual number both of lumbar and lumbo-sacral vertebrae is four, but m some 
instances there are four lumbar and three lumbo-sacral, m others three lumbar and 
four lumbo-sacral The sacral vertebras proper appear to be invariably three, and 
there is the same number of caudal vertebrae included m the syn-sacrum (sacro-caudal, 
Mivabt). The single exception to this is in the case of a skeleton of A owem m 
the Museum, m which there are four veitebrae behind the third sacral within the 
limits of the syn-sacrum the first of these bears diapophyses as distinct as the 
ankylosed ribs of the third sacral, and may therefore be a true (fourth) sacral 
vertebra; the fourth is only partly covered by the ilia. 

The number of vertebrae caudad of the syn-sacrum is also fairly constant in every 
skeleton examined, except one, there are six free vertebrae, followed by a pygostyle, 
which is obviously formed by the union of either two or three (figs 206 and 207, Pyg ) 
The pygostyle is a conical bone, and, in every case examined, its neural canal was 
completely closed m above (fig 207), this process evidently taking place after hatching 
In the skeleton of A. owem referred to in the previous paragraph there are seven 
free caudal vertebrae, the last of the series being apparently smgle, so that in this case 
there is no pygostyle 

The total number of vertebrae and their distribution among the various regions may 
be expressed by a formula as follows — 

5 So Pyg. 

Cv. 15 Cv.Th.l: Th 4+1 + 3(4 or 2). Lb. 4(3) Lb Sc. 4(3) Sc. 3 Cd 3(P)-f-6 + 3(2 or 1) 

1(9^ 12 ( 13 "° r U ) 

= 47 (46 or 45), 

that is, there are fifteen true cervical vertebrae without free ribs ; one cervico-thoracic 
bearing free ribs which do not meet the sternum; usually eight, but occasionally nine 

M 2 
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or seven thoracic, of which the first five are not covered by the ilia, and the first four 
bear ribs meeting the sternum, four or sometimes three lumbar with distinct par- 
apophyses , four or occasionally three lumbo-sacral without parapophyses, three sacral 
with autogenous parapophyses or pleurosteites ; three or rarely four caudal covered 
by the ilia, and from seven to nine free caudal, of which the last three or two are 
usually ankylosed to form a pygostyle. The ilia are supported by about fourteen 
vertebras, from the sixth thoracic to the third (rarely fourth) caudal, which therefore 
constitute the syn-sacrum The total number of vertebrae is usually forty-seven, but 
may be forty-six or occasionally forty-five There appear to be no constant differences 
between the species m the vertebral formula. 

I have found caudal intercentra in one skeleton only (A. australis) . they have the 
form of irregular nodules of bone (fig 206, wit.cent ), one between the pygostyle and 
the preceding (ninth) caudal vertebra, the other between the eighth and ninth 

The general rule appears to be, as Mivart states, that uncinates are present on the 
cervico-thoracic and on the first six thoracic ribs, but the short cervico-thoracic ribs of 
the skeleton of A australis referred to above (p. 83) are devoid of those appendages, 
which are also absent on one side m another skeleton examined. Owen also states 
that they are absent in the specimen first examined by him. The occasional absence 
of the cervico-thoracic uncinates, taken in connection with the vestigial condition of 
the ribs in one case, and with the fact that in the same skeleton the first thoracic rib 
of the right side terminates ventrad m a blunt free end and has no sternal portion, 
seems to point to an inclusion of anterior thoracic vertebrae in the cervical region by 
atrophy of their ribs. 

3 The Sternum. 
a. In the Adult. 

(Plate 16, figs. 208-215.) 

The descriptions of the sternum by Owen (24, p. 34) and by my Father (43, 
p 191)—the only two detailed accounts I have met with—give all the essential 
features of the hone, and at the same time serve to show its great variability. In 
Owen’s specimen (A. australis ) the posterior lateral processes are slightly longer than 
the posterior median process, the anterior margin is deeply and evenly excavated, 
and there are two large perforations, one on each side of the middle line. In my 
Father’s specimen, also stated to be A. australis, the posterior median is considerably 
longer than the posterior lateral processes, the anterior margin is sinuous and is 
produced in the middle line into a small projection, and there are no perforations. 

Miss Lindsay (19) gives outline figures of the sterna of A. hulleri (—mantelh) and 
A, owem both show an even anterior emargination—deepest in A. hulleri, no 

' These are erroneously stated to be one and a-lialf natural size they are really less than two-thirds. 
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fenestras, and the posterior lateral rather longer than the posterior median process, 
which latter is bifid m A owem. 

As far as I have been able to ascertain, no previous observer has called attention 
to any characters in the bone of specific importance From the small senes of 
skeletons which have come under my notice, certain points appear to be fairly 
constant. As one of these depends upon the relative length and breath of the bone, 
it is necessary to define these terms 

Both posterior median and posterior lateral processes are tipped, m the fresh state, 
with cartilage (Plate 16, fig. 213), which is usually absent in the dried skeleton, so 
that the greatest length of the sternum, measured from the apes of the anterior 
lateral to the extremity of the posterior lateral piocess, is a variable quantity, 
depending upon the extent to which ossification has advanced The same objection 
applies to taking the length from the middle of the anterior border to the posterior 
median process, since the latter varies in length with age 

A more constant dimension is, however, furnished by the length of the corpus 
sterm as measured from the centre of its anterior border to a point midway between 
the two posterior notches (ab m figs 208, 212, and 214) This I call length of corpus 
sterm , by breadth of corpus sterm I understand the length of a straight line diawn 
transversely across the sternum at about the level of the facets for the second pair of 
sternal ribs (cd in the same figures) 

In A. australis the length of the corpus sterni appears to be constantly more than half 
its breadth, and the anterior border is concave with an even curve (figs. 208 and 209). 

In A. bullen the length of the corpus sterm is—often considerably—less than half 
its breadth The anterior border is more deeply emarginated than m A australis, 
and presents an even curve The anterior lateral processes are usually blunter than 
in A australis (figs 212 and 213) 

In A owem , besides the smaller size of the entire bone, the length of the body is 
less than half its breadth. The emargmation of the anterior border is about the same 
as m 4. australis , but instead of being even it is slightly sinuous, each side presenting 
a sigmoid curvature (figs 214 and 215). 

In the supposed skeleton of A. haastn (p 38) the length of the corpus sterni is 
much greater than its breadth, and the characters generally agree with those of 
A australis (fig 210) 

As far as my own observations go, these characters are constant, but my Father’s 
figure of the sternum of A australis (43, Plate 17, fig 1) shows an uneven anterior 
curvature with a slight median projection, and the length, as defined, is less than 
half the breadth, while in Miss Lindsay’s figure of A, owem (19, p 712, fig 5, 5) 
there is no trace of the sinuosity of the anterior border, and the length is a little more 
than half the breadth.* 

* I am disposed to think that skeletons of Apteryx often hear wrong specific names There ought 
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Trifling as these characters aie, and inconstant as they may probably prove to be 
I think them worth giving as showing that the three or four species of Apteryx are 
tending to differentiation m their skeletons as well as in their external characters. 

One point not yet referred to appears to be of considerable interest As a general 
rule the costal borders of the bone are thick and stiong, the thickening extending to 
a greater or less extent on to the anterior border, but the rest of the bone being thm 
and translucent But in two specimens of A. bullen (fig 218), m the doubtful 
A. haastk (fig 210), and m the skeleton m the Wellington Museum marked 
A. maxima, but probably refeiable to A. bullen (fig. 211), the corpus sterni presents 
a distinct median longitudinal thickening (h) along its anterior half, the lesult being 
the production of a low ridge nearly as well marked as the vestigial keel of Stnngops. 
In a skeleton of A australis in the Canterbury Museum (fig 209), there is a very 
poorly developed ridge, which projects on the inner or dorsal surface ot the bone 
instead of on the ventral or outer surface, as in all other cases. 

On the hypothesis that the Ratitse are descended from birds which possessed the 
power of flight, the occasional occuri ence by reversion of a vestigial keel is precisely 
what might be expected The absence of a special osteite (lopliosteon) for the keel 
hardly appears to be of such fundamental importance as it is sometimes assumed to 
be. I should rather take the presence or absence of such a bone as a fact of the same 
rank as the presence or absence of a distinct centre of ossification in the spines of the 
thoracic vertebrae of mammals. But this is a point upon which the development of 
the sternum in Stnngops should throw light 

In one skeleton of A. australis there is an exception to the usual rule that four 
sternal ribs are articulated to the sternum; on the left side the fifth thoracic rib is 
attached by a true joint, the articular cavity being on the proximal end of the 
posterior lateral process. 

b. Development of the Sternum. 

Stage E (Plate 16, fig 216). 

In this the earliest stage m which the sternum was observed, owing to the damaged 
condition of Stage D, it consists of paired cartilaginous plates, there bemg no indica¬ 
tion of the metasternum or posterior median portion. 

Owing to the way m which the ventral body-wall was ruptured (Plate 3, fig, 6) the 
moieties of the sternum had a position nearly parallel to the median plane of the 
body, and are, therefore, well seen in sagittal sections. Each (fig. 216, St.) is roughly 
triangular, with a thickened anterior margin, to which the coracoid ( Cor .) is 
articulated, and an extremely thin mesio-ventral border. The anterior edge is 
sinuous. 

never, of course, to be any mistake about A. oweni, but the other two common species are very easily 
mistaken for one another. 
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The position of the sternum is remarkable, its anteio-postenor axis is as nearly as 
possible parallel with that of the veitebial column, as m a Carinate Bird, instead of 
being nearly at right angles to it, as m the adult and advanced embiyo (cf. figs. 204 
and 216) 

There are only three nbs attached to the costal border, and the third of these 
(Th Rb 3) appeals to be united by indifferent tissue The cervico-thoracic rib 
( CvThRb) is separated by a wide interval from the sternum. There is thus a 
striking difference from many of the embryos investigated by Miss Lindsay (19), m 
which the number of ribs attached to the sternum is greater m the embryo than m 
the adult The joints between the vertebral and sternal ribs, and between the first 
two sternal ribs and the sternum, have already appeared They are not shown m 
Miss Lindsay’s figures of even considerably latex stages, but this is piobably due to 
that observer not having corrected the results of hei dissections by the subsequent 
examination of thm sections 

Stage F (Plate 16, fig 217) 

The two halves are still separated by a considerable interval, and there is no 
indication of the metasternal region The coracoid grooves are very obvious m 
sections, and the sternum has extended caudad slightly beyond the ventral end of 
the fouith thoracic rib ( Th.Rb 4). From a dissection of the specimen, it appeared 
that this rib was attached to the sternum, but sections show that it is really separated 
by a short but perfectly distinct interval 

Comparing this stage with the last, it appears certain that m Apteryx each half of 
the sternum is not formed by the antero-postenor union of the whole of the sternal 
ribs. In Stage E only two ribs are united by joints, and a third is loosely attached 
by indifferent tissue at the posterior boundary of the sternum In Stage F the 
sternum has apparently grown backwards to the level of the fourth thoracic rib, 
which has extended mesiad to meet it. 

As to position, the posterior end of the sternum is now at a considerably lower 
level than its anterioi end, so that the angle between the sternal axis and the 
vertebral column approaches a right angle 

Stage G (Plate 16, figs 218 and 219) 

The two halves of the sternum have now concresced m the middle line from about 
the level of the first sternal rib to that of the fourth. The posterior lateral processes 
(postlatpr) have nearly attained their full length, but there is no trace of the 
posterior median process. 

A transverse section (fig. 219) shows the corpus sterni to be slightly concave 
ventrad and somewhat thickened in the middle line, but devoid of any trace of a 
keel. 
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Stages H and I (Plate 15, fig. 204, and Plato 16, figs 220 and 221). 

The two halves of the sternum are united, and the adult form is attained by the 
development of a well-marked posterior median process Tlieie is the normal number 
(four) of sternal ribs articulated to the costal border, except in the specimen of 
A oiveni belonging to Stage H (fig 221), in which the fourth rib of the right side 
(Th Rb 4) does not reach the sternum On the other hand, in one specimen of 
Stage I (fig. 204) ihe end of the fifth thoracic rib approaches within half a millimetre 
of the sternum (cf p 86) 

Stage K (Plate 16, fig 222) 

In one of the specimens belonging to this stage—a ripe embiyo ol A. Indian —the 
sternum is still unossified, but m both the others—a ripe embryo and a newly-hatched 
chick of A australis —the-osteites of the costal sternum (pleurostea) have appeared 
(. Pl.ost ) In one of these specimens the posterior median process is double, in the 
other it ispeiforated by an oval foramen (fig 222, fo ) This would seem to indicate 
a paired origin of the metasternum. 

In neither of the specimens of A australis are the adult proportions attained, the 
length of the coipus sterm being slightly less than half its breadth, as in A, bulleri. 
As will be seen by a comparison of figs. 222 and 208, of 220 and 212, and of 221 
and 214, the proportional length increases* considerably between late embryonic and 
adult life 

Stage L (Plate 16, fig 223) 

The single specimen belonging to this stage has the pleurostea (Plost ) increased 
in extent, and is remarkable for the presence of three thin places .(indicated by 
shading) m the body, one median and two paired, and evidently indicating recent 
extensions of cartilage It looks very much as if the increase in proportional length 
were due to a filling up of the posterior notches The posterior median process 
is perforated by a small foramen (fo.), The adult proportions are attained, the 
length of the corpus sterni being now considerably more than half its width. 

Stage M (Plate 16, fig 224). 

The pleurostea (Plost.) have nearly met in the middle line, and have extended 
into the anterior lateral processes (ant.lat pr.), so that only the three posterior 
processes are unossified. The anterior border shows no trace of the sinuous curve 
found m the adult of this species (A, oweni). 

In all latei stages ossification is complete 
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4 The Shotjlder-Girdle 

a. In the Adult. 

(Plate 16, figs. 225-232 ) 

The shoulder-girdle, like the sternum, is subject to great individual variation, and 
for purposes of comparison I have found it necessary to sketch it from the same points 
of view m all the adult specimens figured In the front views (A m figs 225-232) 
the bone was placed with the distal end of the scapula and the whole sternal 
(epicoracoid) border of the coracoid resting on the table, and its outline traced on a 
sheet of glass placed immediately above it and parallel to the table In the lateral 
or external views (B in the same figures) it was placed so that the glenoid fossa 
exactly faced the observer. The outline was taken on glass as before. Tn this way 
the relative dimensions of the various parts are shown from a fixed point of view 
Both scapula and coracoid are considerably foreshortened in the front views owing to 
the curvature of the entire bone, but their correct length is given m the side views 
As a general rule, the scapula (Soap ) is about one and a-half times the length of 
the coracoid (Cor), but in one specimen of A. australis (fig 227), it is hardly moie 
than one and a-quarter times as long, and m a specimen of A owem (fig 231), it is 
more than twice as long The curve of the scapula also values considerably 

But it is m the coracoid that the most interesting variations occur. As a rule 
(figs. 230-232, A), it is a flattened bone with a nearly straight mesial and concave 
lateral border, but the mesial border is often (figs 227 and 228, A) somewhat 
excavated, and m three instances (figs. 225, 226, and 229, A) the excavation takes 
the form of a regular semicircular notch which is converted into a foramen {cor fen ) 
by a ligament (pr.cor hg) The mere observation of the parts m the adult is 
enough to show what is clearly proved by their development {infra, pp 91 and 92), 
that the ligament is the degraded procoracoid, and that the foramen or notch is the 
coracoid fenestra which is so characteristic a feature m the shoulder-girdle of the 
Ostrich. In cases where there is no such fenestra, the bone in the corresponding 
position is always thin and transparent (indicated by shading in figs 227, 230, 231, 
and 232, A), the space bemg evidently filled up by the extension mesiad of the 
coracoid with the fibrous tissue stretched across it. 

The small aperture, marked Sup.cor for . (fig 227, &c , A), and considered by both 
Owen (24, p. 34), and my Father (43, Plate 17, fig l), as the coracoid fenestra, is 
evidently homologous with the supra-coracoid foramen at the base of the procoracoid 
process in many Birds, and particularly well-marked m Diomedea , Ocydromus, &c. 

In the Carinatm, the furcula is attached by ligament to three processes of the 
shoulder-girdle—the acromion (mesoscapula, W. K Parker) on the inner or preaxial 
border of the proximal end of the scapula, the procoracoid process (mesocoracoid 
process, W. K. Parker) on the mesial or preaxial border of the coracoid at its dorsal 
MDCOCXCI.—B. N 
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end, and the acrocoracoid of Furbringer (clavicular process, Huxley ; head of the 
coracoid, proximal precoracoid, W K. Parker) a large process from the anterior 
surface of the dorsal end of the coracoid towards its post-axial border Thus, the 
foramen tnosseum is bounded mesiad by the furcula, laterad by the acrocoracoid, and 
caudad by the acromion and procoracoid process , and the acrocoracoid is situated 
immediately mesiad of the tendon of the subclavius as it passes through the foramen 
triosseum to reach the dorsal aspect of the humerus 

In Apteryx, a fair proportion of the specimens examined have more or less well- 
marked tuberosities m the precise position of all the three processes referred to At 
the ventral end of the scapula, close to its preaxial border, and immediately above the 
position of the obliterated coraco-scapular synchondrosis is an acromial tuberosity 
(acr ) very obvious m figs 226, 228, and 230 , at the dorsal end of the coracoid close 
to its preaxial border a less obvious, but undoubted procoracoid tuberosity ( prxor.t) 
is shown m fig 230 , and m every specimen the acrocoracoid tuberosity or spina 
coracoidea (cocr cor ) is a prominent feature. Moreover, the tendon of the subclavius 
(Plate 19, fig 293, subcl.) passes immediately mesiad of the last-named elevation, 
precisely as m Carmatse 

The coraco-scapular angle varies from 150° to 122°. It is largest (150°) in the 
skeleton in the Wellington Museum marked A. maxima (probably A. button, 
fig 225), it is 142° m one specimen of A, australis (fig. 227) and in the supposed 
A haastn (fig. 226), between 127° and 130° m another specimen of A. australis 
(fig 228), in one of A button (fig 229), and m one of A. oweni (fig 231); and 
122° m two specimens of A. bullen (fig. 230) and one of A oweni (fig. 232). 
There is, therefore, no constancy m this respect m the various specios. The fact that 
the angle is as small as 122° m Apteryx , while it rises to 97° in Notorms and to 100° 
in Ocydromus and Diomedea (26, p. 250) quite bears out Furbringer’ s statement 
that as a character distinguishing the Patitse from the Carinatae, it is of considerably 
less importance than the relative size in the two groups of the acrocoracoid Fur¬ 
bringer gives the range of variation m the coraco-scapular angle as 130° to 160° for 
Ratitae, and 45 to 106° for Carinatae, giving a difference of 24° between the two 
groups, the foregoing observations reduce the difference to 16°. 

b Development of the Shoulder-Girdle 

Stage E (Plate 16, % 216, and Plate 17, fig 233). 

The absence of any stage of the shoulder-girdle earlier than this is much to be 
regretted, as I have been unable to ascertain whether there are originally formed 
separate chondrites for the coracoid, procoracoid, and scapula, as described by Miss 
IjENDsay (19) In the present stage the scapulo-coracoid consists of a solid bar of 
cartilage of much the same shape as the adult bone, but without any fenestrse or 
ether signs to indicate the separation of coracoid and procoracoid, In fig. 233, taken 
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from the cartilage after removal from the body, the scapula appears to be nearly m 
the same straight line as the coracoid, but in fig 216, accurately reconstructed from 
sagittal sections, it is seen to be strongly curved, so that while the coraco-scapular 
angle, as usually taken, i e , considering the ventral end of the scapula only, is about 
135°, it is only about 83° if the general direction of the scapula is taken by a line 
joining its base and apex Fig 216 certainly suggests the straightening of the 
shoulder-girdle by its release from the backward pull of the shoulder muscles 
Another striking fact is that the long axis of the coracoid (fig 216, Cor ) is 
inclined from its sternal articulation forwards, so as to make an acute angle with the 
vertebral column, instead of a right angle as m later stages (of fig 204, Cor.) In 
other words, the coraco-vertebral angle is about 35°, instead of 90°, and thus 
furnishes an important point of agreement with the Carinatse. 

Stages F and G (Plate 17, figs. 234-236). * 

In these stages the shoulder-girdle has undergone very little advance except m 
size and in the increased development of the acrocoracoid tuberosity (acr cor ), 
which is now a well-marked process considerably larger proportionally than m the 
adult. Its dimensions are well seen m fig 236, which shows two obliquely transverse 
sections through the junction of the scapula and coracoid in Stage G. Both pass 
through the acrocoracoid (acr cor ), and B, which is three sections caudad of A, 
also passes through the supracoracoid foramen (sup cor for ) 

The coraco-vertebral angle is still acute, as shown by the fact that obliquely 
transverse sections of it were obtained by cutting an embryo (A austrahs, Stage G) 
at right angles to the long axis of the trunk, but the inclination is considerably less 
than m the preceding stage, amounting to about 60° in Stage F. 

Stage H (Plate 17, figs 237 and 238) 

The two specimens belonging to this stage show a very important step m the 
development of the shoulder-girdle In the younger of the two (A. oweni , fig 237) 
the scapula (scap ) is ossified, but the coracoid has undergone no alteration, being 
still a solid cartilage with a very prominent acrocoracoid tuberosity 

In the other embryo (A. bullen, fig 238) the scapula is similarly ossified, but the 
coracoid has undergone a great change, a portion of the cartilage having been 
absorbed so as to produce a large coracoid fenestra (cor fen) separating a narrow 
preaxial (mesial) procoracoid bar (Pr Cor ) from a broad postaxial (lateral) portion, 
the coracoid proper ( Cor ), m which an ossification has appeared. 

In Apteryx , therefore, the coracoid and procoracoid clearly result from a process of 
fenestration m an originally single cartilage Whether this fenestration is a 
secondary process and the two elements arise in the first instance as distinct 
chondrites, my material has not allowed me to determine ; but Miss Lindsay’s 
researches (19, p. 692) show that such a mode of origin is probable. The 

N 2 
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resemblance of the shoulder-girdle shown m fig. 238 to that of the Ostrich is very 
striking. 

Stages I and K (Plate 17, figs. 239 and 240) 

These stages are also interesting since they show the gradual degradation of the 
cartilaginous procoracoid. 

In Stage I (fig. 239) the procoracoid (Pi Cor ) is a narrow cartilaginous bar 
continuous above with the coracoid, but free below, and connected by ligament with 
the epicoracoid region In Stage K (fig. 240) the process has gone still furtheL, and 
the procoracoid is almost entirely conveited into ligament (pr cor Mg.), only a small 
pointed process being left to indicate its dorsal end 

Stage L precisely resembles K, and m M the adult characters are assumed. 

5. The Fore-Limb. 

a. In the Adult. 

(Plate 17, figs. 241-253.) 

With regard to the humerus, radius, and ulna, I have nothing to add to Owen’s 
description, but his account of the manus is imperfect and somewhat obscure. He 
say “ there is a minute carpal bone, two metacarpals, and a single phalanx,” but tho 
plate shows the manus to consist of three bones in a single longitudinal series. The 
middle and distal of these would naturally be considered as phalanges, so that there is 
only the proximal one to represent the carpal and the two metacarpals. The figure 
is on such a small scale that it is impossible to place much reliance upon it, but it has 
all the appearance of representing a normal wmg of A australis, while the description, 
at least as regards the separate carpal, applies rather to A owem (vide infra). 

My Father (41, Plate 65, fig. 5) figures a manus which he calls A owem , but 
which is, m all probability, A. australis. In an earlier paper (42, p. 127) he figures a 
specimen in which a small radial carpal is shown, but is not referred to ; the species in 
this case is not mentioned. 

As far as my own observations go, the essential structure of the manus is quite 
constant m A australis and in A oweni, judging from four adult specimens of each; 
while m A. bullen the variations are so great that the examination of five specimens 
is quite insufficient to determine their range. Besides these, I have examined the wmg 
of one of the type specimens of A. haastii in the Canterbury Museum, as well as that 
of the supposed A . haastii from tuysegur Point (p. 38), and of the skeleton called A. 
maxima (— A. bullen t) m the Wellington Museum. 

In A. australis (fig. 241) the bones of the forearm (Ra., Ul.) are succeeded by 
A Somewhat irregular flattened bone, the carpo-metacarpus ( Cp.Mtcp .). It presents 
on the preaxial side of its proximal border a small facet for the radius, and a larger 
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and very oblique surface for the ulna Distad it narrows considerably, and gives 
attachment to the proximal phalanx Postaxiad, it is usually pioduced into a 
tolerably well-marked projection, which lepresents the third metacarpal, a similar, 
but smaller piojection, sometimes springing from the preaxial bolder, may represent 
the first metacarpal, but is possibly a mere process of the second The development 
of this bone shows that it is composed of both proximal and distal carpals, and of the 
second and third, and possibly also the first, metacarpals. 

There are sometimes two and sometimes three phalanges to the single (second) 
digit (Phal 2', Phal 2", Phal 2"') , m the latter case the second or middle phalanx 
(Phal 2") is always small, and, as will be seen, it appears later than the others It is 
evidently obsolescent. 

The presence of three phalanges to the index is a generalised character, the normal 
number m birds being two, but as, according to Wiedersheim (52, p 218), three 
families of Cannatae possess the maximum number, no great stress need be laid upon 
the occasional presence of the second m Apteryx , except as showing which of the 
three has usually atrophied. 

In A owem there seems to be mvariably a distinct radiale (figs 242-244, ra ) m the 
form of a small rounded nodule of bone intercalated between the radius and the carpo- 
metacarpus In two of the specimens examined, the third metacarpal (fig 242, 
Mtcp. 3) is ankylosed along its whole length to the second ( Mtcp 2) as m A 
australis, but m the third it is free distad (fig 243), and in the fourth—a sub-adult 
specimen—united only by membrane (fig 244) The phalanges of the second digit 
may be three or two 

In A haastu the single wing exammed (fig 250) has two free carpals, a radiale 
(ra ) and an ulnare (ul.), and all three phalanges are present 

In the skeleton, doubtfully referred to A, haastu, a radiale is present m the left 
manus (fig 251) but absent m the right (fig 252) ; there are also three phalanges on 
the left, and two on the right side. 

In A button the variations in the structure of the carpo-metacarpal region are 
very striking. In two instances (fig 246) there is a single carpo-metacarpus exactly 
resemblmg that of A australis In a third (fig 245) the resemblance is equally 
close to A. owem, there being a carpo-metacarpus and a radiale In the fourth (fig 
247) the radius and ulna on the left side articulate with a transversely elongated bone 
(ra dist ) which apparently represents both the radiale and the distal carpals, and to 
the distal suiface of which free second and third metacarpals are attached. It is 
worth noticing that this is probably the only recorded example of a fully adult recent 
bird with free metacarpals. On the right side of the same skeleton (fig. 248) the 
second metacarpal appears to have ankylosed with the carpals, forming an megular 
rod-shaped carpo-metacarpus, while the third metacarpal is free. In the fifth and 
last specimen—removed like several others from a skin—there is (fig 249) a nodular 
radiale, a sigmoid bone which apparently represents the distal carpals and the second 
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metacarpal, and a short free third metacarpal. As far as I can make out there is no 
doubt about the species in any of the five cases 

The Wellington specimen, marked A. maxima , agrees with the left side of the 
fourth example of A bullen mentioned above (fig 247) There is a single trans¬ 
versely elongated carpal (fig. 253), not yet ossified postaxiad, a large second meta¬ 
carpal, or possibly carpo-metacarpal, and a small third metacarpal. Thus the characters 
both of the sternum and of the raanus seem to show that this specimen is referable 
to A bullen 

It is worth mentioning that while the manus is usually permanently flexed post¬ 
axiad on the forearm at an angle of about 140° (figs 241, 245, &c ), the two are 
sometimes nearly or quite m the same stiaight line (figs 243 and 250) 

b Development of the Fore-Limb. 

Stage E. (Plate 17, figs 254 and 255 ) 

The external characters of the limb at this stage have been described (p 32). The 
humerus (Hu), radius ( Ra ), and ulna (VI.) are well chondrified. The carpus is 
represented by a thickened plate of mesoblast, which m its external (dorsal) region 
(fig 255) shows no division into separate carpals, but towards the middle of its thick¬ 
ness (fig 254) presents four fairly well-marked patches of prochondral tissue, the 
rudiments of the carpals. Of these, one (ra. ) is immediately distad of the radius, and 
is evidently the radiale , the other three he proximad of the three metacarpals, and 
may be considered as the fiist (dist. i), second ( dist . 2), and third (dist. 3) drstalia 

The three preaxial digits are quite distinct The pollex consists only of a 
chondrified metacarpal (Mtcp. l), the index of a metacarpal (Mtep 2) and proximal 
phalanx (Phal. 2') of cartilage, and of a distal phalanx (Phal. 2'") of prochondral 
tissue , the third of a chondrified metacarpal (Mtcp. 3) and a single phalanx of 
prochondral tissue 

Stage F (Plate 17, fig. 256). 

There is still no trace of chondrification in the carpal mesoblast, and only two 
patches of prochondral tissue are distinguishable, one (ra.) between the radius and 
the first metacarpal, the other (dist. 2) immediately proximad of the second meta¬ 
carpal. I take the first of these to be the radiale, the other the second distale. 

The first (Mtcp l) and third (Mtep, 3 ) metacarpals have not increased in size since 
the previous stage, but the second (Mtcp 2) is half as long again. The distal phalanx 
of the second digit is still unchondrified, and there is no trace of a second phalanx, 
present m the embryo Goose, according to Batjr, m the third digit. 

Stage G- (Plate 17, figs, 257-260). 

The carpals have begun to chondrify, but are still very indistinct, the several 
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chondrites fading insensibly into the common carpal mesoblast In the specimen of 
A . australis belonging to this stage, a section taken near the dorsal (outer) aspect of 
the carpus (fig. 258) shows a distinct radiale (ra.) interposed between the end of the 
radius (Ra ) and a lai'ge distale (dist ) Further ventrad (fig 259) the radiale is no 
longer seen, the radius is almost m contact with the distale, and a small chondnte 
(ul ), probably an ulnare, is seen postaxiad of the thud metacarpal ( Mtcp 3) 
Fig 257 shows my interpretation of these sections 

The first metacarpal (figs 257 and 259, Mtcp l) is represented only by a small 
rounded patch of cells, and seems therefore to have undergone complete histological 
degeneration The second digit has two chondnfied phalanges, and its metacarpal 
(Mtcp 2 ) has partly united wirdi the distale The third consists only of a small 
metacarpal (Mtcp. 3) 

In the specimen of A oweni belonging to this stage (fig 260) the skeleton of the 
wing was dissected out and afterwards cut into serial sections m order to settle some 
doubtful points It is quite possible that the carpus may have been injured m 
dissection. There is a large chondnte (cp.) imperfectly chondnfied distad, and giving 
attachment on the one hand to the radius and ulna, and on the other to the first and 
second metacarpals It apparently represents the first and second distalia , whether 
it includes also the radiale or whether the latter was lost m preparation is uncertain. 
Immediately postaxiad of it is an unchondufied but distinct patch of mesoblast 
(dist . 3), with which the thud metacarpal is connected. It is probably the third 
distale Postaxiad of this again, and passing obliquely proximad towards the ulna 
is a rod-shaped chondnte (ul ) which appears to be an ulnare 

The first metacarpal (Mtcp l) is well developed m this specimen, and ossification 
has begun m the shafts of the humerus, radius (Ra ), and ulna ( Ul ) 

Stage H (Plate 17, figs. 261 and 262) 

The humerus, radius, and ulna have theii shafts ossified, but the manus is still 
entirely cartilaginous, and its structure differs considerably m the two specimens 
belonging to the stage. 

In A oweni (fig 261) there is a large radiale (ra ), and the distalia have united 
into a single transversely-elongated cartilage (dist ) which articulates proximad with 
the radiale and the ulna, and distad with the second and third metacarpals. It is 
obvious that by subsequent concrescence of this cartilage with the metacarpals the 
carpo-metacarpus of the adult is formed 

The third metacarpal (Mtcp 3) is about the same length as the second (Mtcp. 2 ), 
and its distal end is turned slightly postaxiad Both metacarpals are in process of 
fusion with the distale. There is no trace of a first metacarpal. The second digit 
bears two phalanges, of which the distal one is very small. 

There are synovial capsules between the radius and radiale, the ulna and distale, 
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and the radiale and distale, as well as between the metacarpal and proximal phalanx 
of the second digit 

In A lullem (fig. 262) there is a large cartilaginous preaxial carpal (r a. dist.) 
articulating proximad with both radius and ulna, and distad with both second and 
third metacarpals The ulna and the second metacarpal project postaxiad of it, and 
between them is intercalated a small nodular cartilage (id.) Comparison with other 
stages leads me to consider the large preaxial caipal (ret dist ) as a radio-distale, the 
small nodule (ul ) as an ulnare 

The third metacarpal is—quite exceptionally—longer than the second and of equal 
diameter The second digit bears two phalanges, the distal of which has taken on the 
usual characters of an ungual phalanx 


Stage I (Plate 17, figs. 263 and 264) 

The two specimens, like those of the previous stage, show very considerable 
differences 

In A australis (fig. 264) there is a large radiale (ret ) and a small trigonal ulnare 
(ul ), Articulating with these, and partly also with the ulna, is a large flat distale 
(dist 2 ), the postaxial end of which (dist. 3) is shown by sections to be a separate 
chondrite, its plane of junction with the laiger cartilage being marked by a layer of 
small close-set cells The second metacarpal is in contact mainly with the larger 
cartilage, the third with the smaller, they may, therefore, be safely considered as 
the second and third distalia. 


The second and -third metacarpals have undergone almost complete concrescence 
with the distalia, the junction between them being marked only by a layer of close- 
set cells. The second metacarpal (Mtcp. 2 ) is slightly longer and considerably wider 
than the third, and its shaft is ossified ; the third (Mtcp. 8 ) is slender, pointed 
distad, and separated by a space from the second, except at its proximal end where 
concrescence has begun. 

The second digit bears three phalanges, of which the first (Phal. 2 ') has begun to 
ossify m the middle of its shaft, and the third (Phal. %"') at its distal end ; the second 
(Phal 2 // ) is considerably smaller than the others, and is unossified. 

As in the previous stage, there is a distinct synovial capsule between the radiale 
and the distale, as well as between the radius and ulna respectively, and the carpus. 

The specimen of A. bullen belonging to this stage (fig. 263) presents certain 
peculiarities. The carpus consists of a distinct radiale (ra.) and of a large distale 
(dist.) nearly fused with the second metacarpal. The third metacarpal is free, and 
slightly smaller than the second. 


The preaxial border of the second metacarpal is produced into a blunt process 
mtop. l), which is shown by sections to be a distinct chondrite; it can hardly be 
Mything else than the first metacarpal which has thus, in this instance, fused with 
Slmii. instead of degenerating. 
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There are only two phalanges to the second digit, the second being absent. The 
third (Phal. 2 '") has its tip ossified, and gives off from its proximal end a lod-like 
recurrent process {Phal 3), which appears to be a distinct chondrite , it is probably 
the distal phalanx of the third digit, which has not, as usual, atrophied at an early 
stage 

Stage K (Plate 18, figs. 265-268) 

In this case also there is a striking difference between the two specimens 
examined 

In A australis (figs 265 and 266) the carpo-metacarpus is almost exactly inter¬ 
mediate between the condition found m the previous stage and m the adult The 
radiale (fig 266, ra ) and ulnare (id ) have begun to concresce with the distalia 
(dist ), the synovial space existing between them m Stages and I bemg nearly filled 
up by small cells, which shade into the cartilage on either side Towards the ventral 
(palmar) aspect of the carpus the radiale and ulnare have united The distalia ( dist) 
have completely fused with the metacarpals. The diaphysis of the second metacarpal 
has extended so that the shaft of the bone is now well ossified, and the third meta¬ 
carpal (Mtcp 3) has united with it, forming a narrow cartilaginous ridge postaxiad 
of the bone. 

In the left manus there is a small cartilaginous projection (fig 265, Mtcp l) on 
the preaxial side of the carpo-metacarpus, probably representing the first 
metacarpal 

In A bullem (figs 267 and 268) the condition of the parts approaches most nearly 
to what was found m the same species m Stage H (fig. 262) There is a large radio 
distale (' ra.dist ) separated by a very thin layer of fibrous tissue from the second 
metacarpal, with which it is beginning to unite There is no ulnare, but its place is 
occupied by a well-defined patch of fibrous tissue The second and third metacarpals 
are sepaiate, and each has a distinct diaphysial ossification. 

Stage L (Plate 18, figs. 269-271) 

In a specimen of A australis a few weeks old the radiale and ulnare (fig. 270, 
ra ., ul.) have united with one another, and their concrescence with the distalia (dist) 
is nearly complete. The ossification of the second metacarpal has extended both into 
the distalia and into the third metacarpal. Hence from an external inspection 
(fig. 269) the manus presents the simple carpo-metacarpus characteristic of the 
species. 

In the wing of a young A. oweni removed from a skm, and apparently referable to 
this stage (fig. 271), there is a cartilaginous radiale (ra ), and the first and third 
metacarpals are represented by distinct osteites. The first (Mtcp l) is a rounded 
nodule lying preaxiad of the proximal end of the second metacarpal (Mtpc x 2); the 

MDOCOXOI.—B 0 
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third (Mtcp. s) is a rod of bone tipped with cartilage lying close alongside its post 
axial border. 

Stage M (Plate 18, figs 272 and 273). 

The specimen of A owem belonging to this stage (fig 273) is the only instance I 
have met with of any important deviation from, the normal type of the species. 
Distad of the radius there is, instead of the ordinary nodular radiale, a semilunar 
bone (ra ), which extends distad a short distance along the preaxial border of the 
carpo-metacarpus, and seems to consist of radiale 'plus fiist metacarpal Ihe third 
metacarpal ( Mtcp 3 ) is free, and is tipped with cartilage. 

In a wing removed from a young stuffed specimen of A. australis, which may be 
referred to this stage (fig. 272), there is a distinct osteite ( ul .) at the postaxial 
extremity of the cartilaginous proximal end of the carpo-metacarpus. It is obviously 
an ulnare 


6. The Pelvic Gibole 
a. In the Adult 

I have nothing to add to the descriptions of Owen (24) and of Mtvart (21) except 
to mention that the curvature of the ischium appears to be slightly but constantly 
greater in A oweni and A button than in A, australis , and to call attention to a 
statement of Owen’s which seems to imply the presence of a perfectly new and 
unique element in the vertebrate skeleton He says, “ A distinct epiphysial piece of 
bone, of a compressed and triangular form, is wedged in between the posterior 
extremity of the ilia and the first three caudal vertebrae.” 

The bone in question is nothing but the ankylosed neural spines of the first three 
caudal vertebrae. In one of my specimens it is separated by a well-defined groove 
from the corresponding centra, and shows no distinction into its constituent parts, it 
is, however, united both with the centra below and with the ilia above. 

b, Development of the Pelvis, 

Stage D (Plate 18, fig. 274, and Plate 15, fig. 193). 

The pelvic girdle, in this stage, corresponds pretty nearly with Miss Johnson’s 
fig 7 (18, Plate 27). The pre-ilium (Pr.llm) is short, the post-ilium ( Pl.Ihn .) 
longer and strongly curved ventrad, the pubis (Pub) slender and nearly straight, the 
ischium (Isch) broad and expanded distad. The pectineal process ( pect.pr.) is 
slightly below the level of the acetabulum, springing obviously from the pubis and 
not from the ilium, and both pubis and ischium are nearly at right angles to the long 
axis ,of the body, as shown by the fact that a vertical section through the acetabulum 
tflkes ba nearly the "Whole length of the ischium (Plate 15, fig. 193). 
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The ischium and pubis are not continuous, as m Miss Johnson’s figures, but are 
separated by a layer of indiffeient tissue extending downwards from the acetabulum. 

Stage E (Plate 18, fig 275) ' 

The more advanced condition of the pre- than of the post-ilium is veiy obvious. 
The post-ilium ( Pt Ilm ) lias attained its adult proportions, i e., is of about tbe same 
length as the ischium and pubis, it is also curved downwards, as m the adult, and has 
altogether a finished appearance The pre-ilium (Pr llm ), on the othei band, is 
very thin, ends m an megular border, and falls far short of its ultimate dimensions. 
These facts certainly lend support to the view that it is the post-ilium of Birds which 
answers to the ilium of Beptiles, and that the pre-ilium is a secondary structure 
The distinctness of the pubis and ischium is well seen both in a dissection and in 
sections, there is a well-defined tract of fibrous tissue passing vertically downwards 
from the acetabulum, and separating their proximal ends from one another 

Stage F (Plate 18, fig 276) 

The most marked change is the forward extension of the pre-ilium (Pr llm ), which 
has attained its ultimate length, although its dorsal region is still imperfect. The 
pubis and ischium are now distinctly inclined backwards 

Stage G (Plate 18, fig 277). 

The adult form is assumed, the pre-ilium being perfectly formed, and the pubis and 
ischium having rotated backwards to their final position There is no appearance of 
ossification 

Stages H-L (Plate 15, fig 204, and Plate 18, fig. 278) 

The three divisions of the pelvis are now separately ossified. In H, the anterior 
and posterior borders of the ilium are still cartilaginous, and the pubic osteite is a rod¬ 
shaped bone, not more than half the length of the cartilage, and situated at its 
proximal end. In I and K (fig. 204) ossification has extended farthei, and m L 
(fig. 278) the only cartilaginous parts are the distal ends of the pubis and ischium, the 
antitrochanter ( Ant.Trch .), and the pectineal process ( pectpr .), together with a 
narrow tract between the pubis and pre-ilium. 

Stages M-0 (Plate 18, fig 279). 

In Stage M, the ossifications have extended into and obliterated the connecting 
cartilages, but have not yet ankylosed. In Stage N (fig 279) the pectineal process 
(pect pr ) is seen to be ossified equally by the ilium and pubis. This is also the case 
m the Ostrich, according to Hatchett Jackson (48, p. 65). 

In Stage O, complete ankylosis has taken place. * 

o 2 
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7 The Hind-Limb. 

a. In the Adult 
(Plate 18, % 292 ) 

The hind-limb of Apteryx is so typically avian, and has been so thoroughly 
described by Owen, that little need be said about it here It is necessary, however, 
to supplement his account m one particular 

Owen states (24, p 37) that “there is a small cuneiform tarsal wedged mto the 
outer and back part of the ankle-joint” In bis ‘Anatomy of Vertebrata’ (vol 2, 
p 83), the same bone is called a “calcaneal sesamoid,” and is said to exist also in 
several Basores * It occurs as an ossification in the thickness of the postaxial 
moiety of the mesotarsal articular pad (fig 292, cent 2) and has therefore all the 
appearance of a sesamoid ^one Its development shows, however, that it is foimed 
by the ossification of a distinct chondnte which has the relations of a postaxial 
centrale At the time my Preliminary Note (28) was written I was not aware that 
it had been figured by Morse, and figured and described by my Father. It is about 
d mm long m the adult A oweni and 7 mm long m the larger species. 

I also find m the supposed skeleton of A haastii and in the right leg of one 
skeleton of A. australis a similar but much smaller bone (fig. 292, cent l), about 
4 mm m diameter, imbedded in the lesser or preaxiul moiety of the moaotarsal pad 
This is also foimed by ossification of a distinct cliondrite, which however does not 
appear, as far as my observations go, until after hatching. It may be looked upon as 
the first or preaxial centrale I have not found it in A, oweni. 


b. Development of the Hind-Limb 
Stage D (Plate 18, figs. 280-282). 

The femur (Fe.) is very slightly shorter than the crus, and the tibia (Tib.) and 

* The hone in question occurs also in Dinorms , and thus furnishes an additional point of rosomblanco 
between that genus and Apteryx It is apparently not mentioned by Owen m his memoirs on tho Moa, 
hut was described and figured, in 1874, by Cqughtrey (8a), in tho remarkably perfect, and, indeed, 
unique feet of D mgens, now m the Otago University Museum It is also present on both sides in a 
very ne “individual” skeleton of D oobustus, m the same collection. Coughtrey describes the liga¬ 
mentous attachments of the hone, which, following Owen, he calls a “ calcaneo-sesamoid.” Bugler 
(8, vol. 1, p 32, and vol 2, p 334), describes and figures it as an “ astragalus-hke bone,” m a foot of 
D elephantopus , m the Cambridge Museum, and mentions its occurrence m tho well-known skeleton of 
ro ustus, m the York Museum; he refers to Coughtrey’s paper, but has overlooked the fact that the 
bone is described there, stating that it has not hitherto been noticed in Dinomis. 

There is another point in the stiuefcure of the foot of Dinomis which is often wrongly stated &n 

l ^ atl ?/ ab , i r fc i 0 ?’ Y ° N HAAST er ^eously concluded that tho Dinornitkidm as restricted by 
him, d^ered^fromthePalapterygidm in the absence of a hallux, hut as Hutton showed in 1876 (15), and 

n°" ed \ cdlectl0ns Otago University Museum, this is not the case, many 

dm bal feet of Dmornithidee having been found with a well-developed hallux. 
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fibula ( Fib ) are equal in length and sub-equal m diameter The taisus consists of 
the three chondrites usual in embryo Birds, a large tibiale (tib ), a small fibulare 
(fib ), and a large, single, transversely-elongated distale (chst) 

All five digits are present The hallux (fig 281, Mt tsl l) is a lounded nodule of 
cartilage close alongside the proximal end of the second metatarsal (Mt tsl 2) and 
separated by indifferent tissue from the distale The second digit consists of a 
metatarsal and one phalanx, the third and fourtu each of a metatarsal and two 
phalanges, and the fifth (fig 282, Mt tsl 5) of a short conical cartilage attached by 
its proximal end to the fibulare and by its preaxial border to the distal e 

Stage E (Plate 18, figs. 283 and 284). 

The fibula is still of the same length as the tibia, but not more than half its 
diameter its distal end is pointed The tarsals are as m the preceding stage, except 
that the tibiale and fibulare are very closely applied to the end of the tibia 

The hallux has shifted distad, being attached to about the middle of the second 
metatarsal, it consists of a metatarsal (Mt tsl l) and one phalanx The fifth digit 
is still a distinct pointed cartilage (Mt tsl 5) but has begun to degenerate, being 
absolutely as well as relatively smaller than in the pievious stage 

Stage F (Plate 18, figs 285-288) 

The fibula is still further reduced m size and no longer reaches to the distal end of 
tLe tibia. The tibiale (figs 285 and 287, tib) has sent off the ascending process 
(asc.'pr) which extends proximad along the anterior (external) face of the tibia, and 
neither m this nor any other stage shows the shghtest indication of being a distinct 
chondute comparable to an intermedium The fibulare (fig. 286, fib ) is still distinct 
but smaller proportionally than m previous stages The mesotarsal joint has made 
its appearance (fig 287) by the mtiusion of a mass of connective tissue—the 
rudiment of the articular pad—between the tibiale and the distale on the posterior 
(flexor) aspect of the limb On the postaxial side a concentration of nuclei in this 
tissue (cent 2') indicates the position of the second or postaxial centrale 

It is worth mentioning that the articular pad does not appear to be a syndesmosis 
(cf 14) a fibrous pad formed, like the cartilages it separates, from the common 
blastema of the limb, but to be formed of connective tissue, unconnected with the 
limb-i udiment, which intrudes between the proximal and distal tarsals on the appear¬ 
ance of the mesotarsal flexure. Its origin appears therefore to support Sutton’s view 
(50) of the origin of interarticular cartilages, viz., that they are modified tendons 
which have become drawn in between the opposed surfaces of the bones forming the 
joint. This being the case the question naturally arises whether a nodule of hyaline 
cartilage appearing m such a structure can be properly counted as a tarsal. I think, 
however, that the fact of the two chondrites which I consider as centraha making 
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their appearance m this way may he accounted for on the hypothesis that, being 
vestigial or obsolescent structures, their origin is greatly retarded 

The hallux (fig 285) has nearly reached its adult position, and the second, third, 
and fourth digits have acquired their full number of phalanges. The rudiment of the 
fifth digit (fig 288, Mt tsl 5) has undergone histological degeneration, being no longer 
formed of hyalme cartilage but of indifferent tissue It is also greatly reduced in 
size, being only 0 25 mm long as against 0 6 mm m Stage E, and 1 2 mm m Stage I) 
(cf figs 282, 284, and 288, which are all drawn to the same scale). It is, therefore, 
evident that the fifth digit undergoes gradual degeneration m Apteryx instead of 
conciescmg with the fourth metatarsal, as in the Chick (3) 

Stage G (Plate 18, figs 289-291) 

The adult form is assumed m all essential respects (fig 289). The shafts of the 
femur (Fe ) and tibia ( Tib) are ossified in about their middle thirds, and in one 
specimen (A australis) bone has also appeared in the fibula. 

The tibiaie has partly fused with the tibia and the fibulare (fig. 290, Jib ) with the 
tibiale The concrescence is, however, incomplete, some sections showing both carti¬ 
lages as distinct structures. The distal surface of the tibiale has assumed its normal 
pulley-like form The intrusive connective tissue from which the mesotarsal articular 
pad is formed has increased greatly in quantity (fig. 29 i), and the postuxial central© 
(cent, 2) appears m it as a distinct rounded nodule of cartilage. 

The distale (chst ) has partially fused with the second and fourth metatarsals 
(figs 290 and 291), but the third (fig 291) is still free. 

Stage H. 

Ossification has greatly advanced, the thigh and shank bones having well ossified 
shafts. The tarsals are still cartilaginous, but the metatarsals are bony, with the 
exception of that of the hallux. They are still free and are readily separable both 
from one another aud from the distale. In the second and third digits all the 
phalanges are ossified, but m the fourth, the 2nd~5th phalanges are cartilaginous. 
Perhaps the late appearance of ossification in this digit may be looked upon as the 
first step m the process which, in the Ostrich, has resulted in its complete atrophy. 

Stage I, 

Ossification has advanced further, all the phalanges as well as the first metatarsal 
being bony. 

Stages K and L. 

Endosteal deposits of bone have appeared in both tibiale and distale, and the 
second, third, and fourth metatarsals are firmly ankylosed. In K the mesotarsal pad 
(•“encloses a single postaxial chondrite, but in L a second much smaller nodule ox 
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cartilage is present in the preaxial moiety of the pad This is the first 01 preaxial 
centrale 

Stage M 

This specimen differs from the adult only m having the tibiale still free from the 
tibia and the distale fiom the metatarsus, and in the centrale being still cartilaginous 


VI—THE MUSCLES OF THE WING 
(Plate 19, figs 293-296 ) 

Owen’s description of the muscles of the wing is incomplete in certain particulars 

In the specimens examined by me there is no pectorahs teitius, but only a 
pecfcoralis major (fig 293, peat may ) and a pectorahs secundus oi subclavms (subcl.), 
both of which coirespond with Owen’s description The account of the coraco- 
brachialis is hardly correct The coraco-brachialis superior ( cor brack sup ) is a large 
muscle arising from the dorsal half of the postaxial border of the coracoid and inserted 
into the proximal third of the humerus The coraco-brachialis inferior ( cor.brach.mf) 
is a much smaller muscle arising from the ventral half of the postaxial border of the 
coracoid and inserted by a short tendon into the head of the humerus 

After describing the muscles of the shoulder Owen concludes his account of the 
myology of the wing as follows — 

“ A minute flexor, wanting the attachment to the scapula which exists m birds of 
flight, and arising solely from the humerus ghdes along the front of that bone, chiefly 
as a delicate tendon to be attached to the inner part of the ulna. 

“A single extensor, almost equally tendinous and delicate, arises from the scapula 
and represents the c long extensor ’ of Vicq d’Azye It is inserted into the rudimental 
olecranon 

“ There is a tendinous trace of a flexor and extensor of the minute monodactyle 
manus, but the motions of the mdimental wmg and its terminal hook would seem to 
be produced as much by the cutaneous muscles which converge to be inserted into 
the integument connected with it, as by the feeble representatives of the true wmg- 
muscles above described ” 

This account is imperfect m many particulars Both biceps and triceps are in¬ 
correctly described, and the muscles of the forearm are entirely overlooked The 
omission to notice them is probably due to the very thick and tough fascia by which 
they are covered, although it must be remembered that the great variability of the 
entire wmg may account for many discrepancies between the present account and. 
that just quoted It is a curious circumstance that whenever subsequent observers 
have had occasion to correct the original description of Apteryx , the result has been 
to show the bird to be less aberrant and more typically avian than it was considered 
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to be by the distinguished anatomist to whom we owe our first knowledge of its 
structure. 

The bleeps (fig 293) is a long slender muscle fleshy m about its middle third It 
arises by a single tendon from the aero coracoid tuberosity ( acr.cor.), and is inserted, 
also by an undivided tendon, into the radius at about the junction of its proximal and 
middle thirds 

The triceps is a slender, two-headed muscle The long head arises from the post- 
axial border of the scapula immediately dorsad of the glenoid cavity and passes 
outside the teres to join the short head which arises from the distal three-fifths of 
the doisal surface of the humeius. The triceps is inserted by a broad tendon into the 
olecranon 

The brachiahs anticus (figs. 293, 294, and 296, brach.ant.) is a small muscle arising 
from the distal eighth of the ventral (flexoi) surface of the humerus and mseited into 
about the proximal sixth of the radial surface of the ulna. 

Lying immediately mesiad of the preceding is a small triangular muscle (fig 296, 
brach.ant access.) with very similar ongin and insertion. It arises from the internal 
tuberosity of the humerus and is inserted into the proximal end of the ulna It may 
be called the bmdnahs anticus accessorius, and is piobably due to a duplication 
of the small flexor of the forearm such as is occasionally found in Mammals. It was 
present m two wings of A, butter i, but was absent on both sides of the specimen of 
A. australis on which most of my observations were made 

The anconeus (figs 293 and 295, ancon.) arises by a flat tendon from the external 
tuberosity of the humerus, its fibies diverge in a fan-like manner, and are inserted 
into the greater part of the outer surface of the shaft of the ulna. Selenka (49) 
makes no mention of this muscle’ Morrison Watson (51) failed to find it m 
Penguins, in some genera of which it is said by other observers to exist. It must 
act partly as a pronator. 

The single supinator (figs. 293 and 295, supm, ) arises with the preceding muscle 
from the external tuberosity of the humerus, and is inserted into the anterior 
(preaxial) border of the shaft of the radius. 

The single pronator (figs. 294 and 296, pron.) arises by a flat tendon from the 
internal tuberosity of the humerus . its fibres diverge, and are inserted mto the 
distal two-thirds of tbe inner (flexor) surface of the radius. 

As the pronator on the inner may he said to balance the supinator on the outer 
surface of the forearm, so the externally situated anconeus is balanced by a very 
similar muscle (figs. 294 and 39 Q,flex,prot,int.) which arises from the internal tuber¬ 
osity of the humerus, and is inserted by diverging fibres into the inner (flexor) face 
of the distal two-thirds of the ulna. It appears to answer to the Jlexor profundus 
interior gallinaceorum of Selenka (49), which is well developed in the common fowl, 
but Las nothing like the same proximo-distal extent as in Apteryx. It also seems to 
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correspond with the muscle called supinator accessorius by Miyaiit (22) m Iguana 
In the specimen of A australis examined, the tendon of origin of this muscle crosses 
that of the pronatoi (fig 294) 

The extensor caopi ulnans (figs 293 and 295, ext carp ul ) is a very slender muscle, 
arising in common with the supinator, of -which, proximad, it forms a part Its 
fleshy portion is extremely small, and soon passes into a long and very delicate 
tendon, which is inserted mto the dorsal surface of the carpo-metacarpus, near its 
postaxial border In a specimen of A bullen (fig 295) this muscle was entirely 
tendinous 

The extensor mdicis propnus (figs 293 and 295, ext md prop.) is a small muscle 
arising from the contiguous surfaces of the radius and ulna Distally it passes into a 
strong tendon which, m the specimen of A australis (fig 293), could not be traced 
beyond the middle of the carpo-metacarpus, but m that of A. bullen (fig 295) is 
inserted into the base of the distal phalanx of the single ^second) digit I call this 
muscle an extensor mdicis rather than an extensor digitorum communis because of its 
oiigm. 

The extensor metacarpi radialis brevis (figs 293 and 295, ext metacarp rad brev.) 
is a vei y small muscle, arising with the precedmg from the contiguous surfaces of the 
radius and ulna, and passing distad into a slender tendon, which curves preaxiad 
over the dorsal surface of the carpo-metacaipus to be inserted into its proximal 
border 

The flexor digitorum profundus (figs 294 and 29 6, flex dig prof ) is a small muscle 
arising with the two preceding from the contiguous suifaces of the radius and ulna. 
It is continued mto a rather broad flat tendon which passes along the inner (flexor) 
face of the carpo-metacarpus and proximal phalanx, and is inserted into the base of 
the distal phalanx 

In one specimen (A australis ) a minute tendon (fig 294, flex carp.rad ) was seen 
preaxiad of that of the deep flexor, and passing to the preaxial side of the carpo- 
metacarpus probably it is a vestigial flexor carpi radialis. 

In one specimen of A bullen a few fleshy fibres (fig 295, interos.dors ) were seen 
on the dorsal face of the carpo-metacarpus, and immediately preaxiad of the extensor 
mdicis tendon . they probably represent an mterosseus dorsalis 

The wing of Apteryx is thus seen to have the usual flexors and extensors of the 
forearm, and a rather unusually large development of muscles acting as pronators 
and supinators for so small and obviously vestigial an organ. There is also a fair¬ 
sized flexor and an equally large extensor of the single digit, as well as two small 
extensors and a minute flexor of the carpo-metacarpus. 

The evidences of degeneration are very clear, and the variability of the muscles is 
noteworthy, the two specimens examined differing considerably m minor points. 

The differences m the myology of the wmg between the Kiwi and the Ostrich 
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(20, p, 549) are very marked I have not been able to consult any detailed descrip¬ 
tion of the wing-muscles in the other Ratitn 

VII —THE BRAIN 
a In the Adult. 

(Plate 19, figs 297-303 ) 

The brain and cerebral nerves ot Apteryx are described by Owen ill a supple¬ 
mentary memoir (24, b) illustrated by several figures As, however, the description 
is imperfect m some particulars, and the figures small, and drawn from specimens from 
which the pia with its bloodvessels had not been removed, I have thought it 
advisable to preface the account of the development of the biain by a brief descrip¬ 
tion of the adult organ taken from well-pieserved biams of A australis and A bullevi. 
The terminology employed was suggested m a short paper in c Natuie (29). 

Comparing the brain of Apteryx with that of other Birds, e.g,, the Turkey, figured 
by Huxley (16, pp. 302 and 303), the Goose, Gull, and Eagle by Owen (25, pp. 118 
and 119), and the Pigeon by Wiedersheim (53, p 105) and myself (27, pp. 255 and 
259), one is struck with the proportionally large size of the cerebral hemispheres 
(fig 297, Prosen.), and with the way they ovorlap the cerebellum. (Ppcn.). In this 
respect Apteryx resembles the Passeiine Birds more closely than the comparatively 
generalized Galhnse and Columbse. As in other Birds, the outline of the cerebellum 
is roughly semicircular from before backwards (figs. 299 and 301), and is marked 
externally by grooves, which radiate from the flocculus ( jloc .): in Oar matin the 
grooves on the anterior, as well as those on the posterior moiety of the epencephal 
are visible externally, while m Apteryx the anterior ones are completely hidden, the 
hemispheres extending as far back as the flocculi. As a consequence of this, the 
pineal peduncle (fig 301, Pin ), instead of being vertical, is inclined backwards. 

Another peculiarity is the position of the diencephal, which is best seen in a 
sagittal section (fig. 301). In most Birds the lamina terminals looks directly 
forwards, the optic chiasma downwards, while the foramen of Monro is in the antero- 
dorsal angle of the diacoele, or third ventricle, and the anterior commissure just 
beneath it. In Apteryx the whole of this division of the brain is as it were tilted 
backwards. the lamina terminalis (lam.term.) looks upwards, and the optic chiasma 
(opt.chs.) forwards, the foramen of Monro (for.M.) is m the postero-dorsal angle 
of the diaccele (di.cos ) and the anterior commissure (ant.com.) in the middle of its 
dorsal wall. In the same way, the optic commissure (opt.com.), or thin roof of the 
iter, is vertical, instead of horizontal. 

The combined anterior commissure (ant.com.) and corpus callosum (carp.call) is 
unusually large, the posterior commissure (post.com.) small. The pineal body (figs. 
^9 and 301, Pin ) has the usual form; the pituitary body (Pty.) is globular and 
connected with a narrow conical infundibulum (inf.). 
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The relations of the more important cavities of the biam, including the small 
optocoeles or ventricles of the optic lobes (opt cos ) are shown m figs 300-303. 

The numerous olfactory neives are given off from the ventral and anterior surfaces 
of the rhinencephal (Rhmen ), and pass, some almost dmectly downwards, others 
forwards, to the Schneidenan membrane (See Plate 13, figs 157 and 158, Nv I) 

The small optic nerves (Nv II ) pass from the chiasma downwards and forwards 
to the eye The nerves of the eye muscles (Nv III , Nv. IV, Nv VI) have the 
usual relations , their mode of exit from the skull has already been described (pp 46 
and 47) 

The trigeminal (Nv V.) is said by Owen (24, p 324) to leave the cianium before 
dividing, but this not the case. Its root lies immediately over the trigeminal foiamen 
(Plate 14, fig 167, Nv V), and it divides shortly after its origin mto two trunks, one 
of which—the common trunk of the second and third divisions (fig 167, Nv. V 2i 3 )— 
passes downwards and forwards through the trigeminal foramen, while the other—the 
first division or orbitonasal nerve (figs 164-166, Nv. F 1 )—passes forwards along the 
surface of the orbitosphenoid bone, finally making its exit from the skull by the orbito¬ 
nasal foramen (figs 162 and 163, Nv F 1 ). The sections of Stage H show con¬ 
clusively that Owen is m error when he says that it is the ventral ramus of the 
orbitonasal which supplies the tactile organ at the end of the beak, while the dorsal 
ramus “ becomes lost upon the septal membrane, as a matter of fact it is the dorsal 
ramus (figs. 149-157, Nv V la ) which supplies the tactile organ; the ventral ramus 
(Nv V} 1 ) supplies the outer suiface of the beak. 

The seventh nerve (figs 298 and 299, Nv VII.) arises from the lateral region of 
the metencephal (Meten ), behind and above the root of the fifth , it is immediately 
followed by the eighth (Nv. VI II ) which, as already stated (p 45), divides into two 
mam and about three smaller branches, which enter the auditory capsule through 
separate foramina There is nothing of special interest m the origins of the ninth 
to the twelfth nerves (Nv IX , X , XI. and XII) 

b. Development of the Brain. 

My observations on this subject are very imperfect owing to lack of material; they 
are however not without interest, smce they seem to prove conclusively what might 
have been inferred from adult anatomy that the brain of Apteryx is simply a typical 
avian encephal with reduced optic lobes 

Stages A and B (Plate 4, figs. 17, 18, and 22-30) 

The metencephal (Meten.) has already undergone a considerable thickening of its 
floor, while its roof is very thin, the cerebellum or epencepbal (fig. 17, Epen) is 
indicated merely by a thickening of the antero-dorsal region of the lnnd-brain. The 
floor of the metaccele or fourth ventricle (mt cos.) has an undulating antero-postenor 

p 2 
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contour (fig. 17), the depressions probably conespond with the doubtful encephalo- 
meres into which this region of the brain is frequently divided. 

The mesencephal, as already seen from an external view (Plate 3, figs 1 and 2, 
Mesen .), is small, and shows no indication of optic lobes on its dorsal surface. 

The diencephal is large, and contains a spacious diaccele or third ventucle idi cce) 
The pineal body (figs. 17 and 18, Pm ) has the form of a narrow diveiticulum, and 
immediately cephalad of it is a second out-pushing of the roof of the diacoele 
(Pr Pm Divert ) which I have not seen mentioned. It is very different m form from 
the pineal offshoot, being expanded at its origin, and narrowing almost to a point 
distad. This structure, which apparently gives use to the velum mterpositum, may 
be called the prepineal diverticulum 

The ventral region of the diencephal is dilated to foim the infundibulum (inf) to 
which the pituitary out-pushing of the stomodaeum (. Pty .) is closely applied. Its 
lateral regions give off the optic vesicles (fig. 24, Opt ves.) which are already 
invagmated. 

The prosthiencephal (secondary fore-brain, unpaired cerebral rudiment) has already 
divided into a median portion, the basi-cerebrum, containing a wide cavity, the aula 
(figs. 17, 22, and 23), and paired offshoots, the prosencephala or cerebral hemispheres, 
containing large prosocoeles or lateral ventricles (fig. 22, pm,cce,), the walls of which 
are still of approximately equal thickness throughout. 

Stage C (Plate 5, figs 34-42). 

The metencephal and epencephal (fig. 36, Epcn.) have undergone comparatively 
little alteration, but m the other divisions of the brain changes of considerable import¬ 
ance have taken place 

The mesencephal, although still simple in front (fig 34, Ms,cce.), has divided 
posteriority into a median ventral portion, the basi-opticus (fig. 35, JBs.Opt,), and 
paired offshoots, the optic lobes ( Opten ). Corresponding with this the mesocoele, 
-which is still a simple cavity in the anterior part of the region (fig. 34, Ms,cce,), is 
distinguishable into a median iter (fig 35) and paired optocoeles (Opt,cce,), 

In the fore-brain the posterior or outer walls of the prosocoeles (fig. 34, Prs.cce.) 
have undergone a considerable thickening, forming the rudiments of the corpora 
striata (corp stn ), The aula is reduced to a small cleft, communicating by narrow 
apertures, the foramina of Monro (for M ), with the prosocoeles. 

Stages D-F (Plate 19, figs. 304-307). 

The brain has advanced immensely between Stages C and D, but very little change 
is noticeable between I) and F, the chief differences being the greater size and rounder 
form of the hemispheres in the later stage (cf figs. 304 and 306). 

As shown by a sagittal section (fig. 307), the flexure between the fore- and hind¬ 
brain is at its maximum. The metencephal (Meten.) has practically assumed its adult 
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characters, except for its strong sigmoid flexure, but the cerebellum [Epen ) has the 
form of a semi-circular flap, maiked with a median groove, and closely resembling the 
corresponding structure m a lizard. 

The optic thalami (fig 307, Opt that ) have the form of small rounded piommenees 
piojectmg inwards from the lateral walls of the dorsal legion of the diacoele [di cos.) 
the remaining part of the wall of this cavity is still quite thin Its roof is formed by 
a projectmg sac-like velum mterpositum (velmt.), which is apparently derived from 
the prepmeal diveiticulum of Stage A 

The long axis of the hemispheres [Prosen ) is vertical instead of horizontal, and 
each shows a very distinct temporal lobe (fig 305) The corpus striatum (fig 304, 
corp stn ) is veiy large, the mesial wall of the prosoccele [piscce ) quite thin. 

Stage G (Plate 19, figs. 308 and 309) 

This very interesting stage I was only able to examme’Trom sections the figui es 
are therefore restorations 

The hind-bram ( Meten , Epen ) has undergone comparatively little alteration, hut 
the mid- and fore-brains show a condition of thmgs as nearly as possible intermediate 
between Stage F and the adult 

The optencephals ( Opten ) have become widely separated from one another by the 
elongation of the optic commissure [opt com) or medio-dorsal portion of the mid- 
brain, they have therefore come to occupy a lateral position as m ordinary birds (see 
also Plate 12, fig 143) At the same time the hemispheres [Prosen) have grown 
backwards so as partly to cover the mid-bram. There is only wanted an increase m 
size, and forward extension of the cerebellum to convert the brain of Apteryx at this 
stage into a typical avian encephal 

Stage IP (Plate 17, fig 310) 

The adult characters, are now fully attained, except that the optic lobes [Opten.) 
and the floccuh [floe ) are considerably larger than m the fully developed organ. 


VIII.—THE EYE 
(Plate 19, fig. 311 ) 

I have only a single fact to mention with regard to the eye, but that is one of 
considerable interest. As Owen showed, the pecten is absent m the adult, Apteryx 
being m this respect unique among birds. But m advanced embryos of stages 
H and I there is a distinct pecten m the form of a conical pigmented prominence, 
about 1-2 mm. long, passing from the entrance of the optic nerve towards the back of 
the lens Figs 311 is taken from a dissection of Stage I fig 158 (Plate 13) shows 
its relations in a section of Stage H 
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SUMMARY 

1. New Terms Proposed 

Chondnte, an independent cartilaginous element, or centre of chondrification. 

Osteite , an independent bony element or centre of ossification. 

Centrochondrite , cartilaginous, Centrosteite, bony, elements of a vertebral body 
Neurochondrite, cartilaginous, Neurosteite, bony, elements of a neural arch. 
Pleurochondrite, cartilaginous, Pleurosteile, bony, elements of a rib or autogenous 
tiansverse process 

Prochordal plate,, the middle tiabecula of Rathke , a mass of blastema formed above 
(cepbalad of) the upturned anterior end of the notochord, and continuous behind 
with the paiachoidals 

Prochordal cartilage, a modular chrondnte which appears in the prochordal plate, and 
gives rise to the medio-dorsal portion of the dorsum sellm. 

Coraco-vertebral angle, the angle enclosed between the long axis of the coracoid and 
that of the vertebral column 

Syn-sacrum, the entire series of vertebrae which support the ilia, and include thoracic, 
lumbar, lumbo-sacral, sacral, and caudal vertebrae. 

2. External Characters. 

In Stage C, corresponding with a sixth day Chick, there is a well marked operculum 
growing backwards from the hyoidean fold, and covering the third (? and fourth) vis¬ 
ceral cleft. A rudiment of this structure is seen m the preceding stage (pp. 30 and 
*31, Plate 3, figs 2, 3, and 4, Plate 5, fig 41) 

In Stage A, corresponding m general features with a fourth day Chick, but in some 
respects not more advanced than one of the third day, the limbs have already attained 
their permanent position, so that if the backward shifting of the appendages so 
noticeable m the Chick occurs m Apteryx, it must take place at an unusually early 
period (p 28 ; Plate 3, fig. l) 

From the first appearance of the feather-papillae there are well-marked pterylse and 
apteria, most of which can be made out with tolerable distinctness in the adult (pp. 33, 
34, and 35 , Plate 3, figs. 8, 10, and 12). 

The wmg of the adult has a well-marked pre- and post-patagium, and amongst its 
feathers may be distinguished nine or ten cubitals, two or three metacarpals, one mid- 
digital, and a row of tectrices majores. The barbicels of the feathers are slightly 
curved (p. 37 ; Plate 3, figs. 14, 15, and 16). 

The fore-limb passes through a stage in which it is a tridactyle paw with sub-equal 
digits, followed by one m which it is a typical wing with hypertrophied second and 
partially atrophied first and third digits (pp 32 and 33 ; Plate 3, figs. 6 and 9). 

The nostril has acquired its final position at the end of the beak m Stage E : up to 
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the middle of incubation the whole respiratory region of the olfactory chambei from 
the anterior nares to the commencement of the turbmals, is filled with a solid mass of 
epithelial cells, through which a passage is formed at a later period (pp 61, 63, and 
65 , Plate 10, fig 114 ; Plate 10, fig 128 , Plate 12, figs. 150 and 151) At no stage 
is there any trace of the caruncle or “ egg-breaker ” at the end of the beak (p 35) 

3. The, Law of Growth. 

The head attains its maximum size m Stage F, i e , shortly befoie the appealance 
of ossification thereafter the beak increases, and the bram-case diminishes m relative 
size, the beak attaining its full proportional length m Stage H—probably about the 
middle of incubation—while the bram-case continues to undergo a relative diminution 
m size up to adult life (p 40 , Plate 6 and Plate 7, fig 46) 

The sternum and the pectoral and pelvic-girdles attain their maximum or nearly so 
ul Stage F, thereafter undergoing but little alteration (pp. 40 and 42 , Plate 6, and 
Plate 7, fig 47) 

The fore-limb also attains its maximum proportional size m Stage F, undergoing 
little subsequent alteration (p. 42 , Plate 6, and Plate 7, fig 48), 

The hmd-hmb mcieases rapidly and regularly up to Stage K (time of batching) 
between which period and the attainment of adult proportions there appeal’s to be a 
slight decrease m relative length (p 42 , Plate 6 and Plate 7, fig 49) 

4 Specific and Sexual Differences. 

The beak is relatively slightly longer m A. australis than in A owem the 
difference between the two sexes, in this respect, is very slight (p 40) 

The pelvic girdle and the sternum are relatively longer m A australis than m 
A. oiuem the reverse appears to be the case with the scapula (p 42 , Plate 7, fig 47) 
The hmd-limb is relatively longer in the male than m the female, the differences 
holding good for all three divisions of the leg There appear to be no constant 
specific differences in this respect (p 42 ; Plate 6 and Plate 7, fig 49) 

In A australis the alar claw is gently curved and of a light horn colour, blotched 
with black (p 37): the length of the corpus sterm, as defined on p 85, is gieater 
than half its breadth, and the anterior margin of the sternum is concave, with an 
even curve (p. 85 , Plate 16,figs 208 and 209) themanus has a carpo-metacarpus, 
but no free radiale or ulnare, and the third metacarpal is ossified from the second 
(pp. 92 and 97 ; Plate 17, fig 241, and Plate 18, figs 266 and 270) 

In A. oivem the alar claw is soft and weak, gently curved, and of a light horn 
colour (p. 37). the length of the corpus sterm is less than half its breadth, and the 
anterior sternal margin is sinuous (p 85 , Plate 16, figs 214 and 215) the manus 
has a free radiale m addition to the carpo-metacarpus, and the third metacarpal is 
ossified separately (pp. 93 and 98 , Plate 17, figs. 242-244) 
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In A. bullen tlie alar claw is black and strongly curved (p. 37) the length of the 
corpus sterni is less than half its breadth, and the antevioi sternal margin is evenly 
curved and much more deeply emarginate than m A ciusti'cths (p 85 , Plate 16, 
figs 212 and 213) the manus is very vanable, there is sometimes a simple carpo- 
metacarpus, sometimes a ladiale and carpo-metacarpus, sometimes a radio-distale and 
fiee second and third metacarpals, sometimes the second metacarpal atone fuses with 
the carpals and sometimes with the distaha only, leaving a fiee radiale , the third 
metacarpal is, sometimes at least, ossified separately (pp. 93 and 97 , Plate 17, 
figs 245-249, and Plate 18, fig. 268) 

My observations on A hcicistu are not sufficiently complete to have any systematic 
value 

5 The SMI 

In Stages A and B the only cranial rudiments present aie the parachordal plates, 
continued cephalad into the prochordal plate, and the visceral arches (pp 56 and 57 , 
Plate 4) 

In Stage 0 the trabeculm have appeared, and are continuous with the parachordals ; 
the piochordal plate sends off paired processes directly upwaids in the mesencephalic 
flexure, and laterad of the third nerves (pp 57 and 58 ; Plato 5, figs. 35 37). 

In Stages E and F the pituitary fossa is pierced by three apertures in longitudinal 
series—the anterior, middle, and posterior basicranial fontanolles. A theoretical 
explanation of these is given m fig. 103, Plate 10 (p. 60). The middle fontanello lias 
disappeared m Stage G (p 63 , Plate 11, fig 126), but the antoiior and posterior are 
still recognisable m Stages H and I (pp 66 and 70 ; Plate 12, fig. 148 ; Plate 13, 
fig 161, Plate 14, figs. 167, 173, and 174). Through the anterior fontanelle the 
pituitary pedicle passes. 

The medio-dorsal portion of the dorsum sellse arises as a distinct chondrite, the 
prochordal cartilage (pp 62 and 64 ; Plate 10, figs. 109 and 111 ; Plate 11, fig. 126), 
which in Stages F and G is quite separate both from the trabecular and from the 
parachordal regions of the skull. 

None of the stages show a separate prenasal cartilage or intertrabecula: if present 
as a distinct chondrite it certainly does not extend further backwards than the 
anterior presphenoidal region, the posterior presphenoidal region is cJearly formed 
from the trabeculae (p 59 , Plate 9, figs 90 and 91). 

In Stages D, 'E, and F the presphenoid is a vertical plate of considerable antero¬ 
posterior extent, and gives origin to a pair of large orbitosphenoids (pp. 59, 61, 62; 
Plate 9, figs 85 and 86 ; Plate 10, figs. 96-98 and 104-108). In Stage G the orbito¬ 
sphenoids have begun to atrophy (p. 64 ; Plate 11, figs. 123-126) and in later stages 
are reduced to narrow bars of cartilage (p. 47; Plate 9, fig, 75), the presphenoid at 
the same time undergoing a great diminution in antero-posterior extent, 

The olfactory capsules extend backwards to the optic foramina mesiad of the eyes 
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(Plate 9, fig 77 , and Plate 13, fig. 158) there is at no stage an mterorbital 
septum 

The turbmals are unusually well developed and are divisible into anterior, middle, 
posterior, antenoi accessory, ventral accessory, and naso-turbmal folds Alone 
amongst these the anterior accessory turbinal is formed as a hollow invagination of 
the wall of the olfactory capsule, not as a plate-like ingrowth (p 49 , Plate 8, fig 57 ; 
Plate 9, figs. 83 and 84, Plate 12, fig 151, Plate 13, figs 153—158) its cavity 
contains a prolongation of the antrum of Highmore 

These are paired, rod-hke, Jacobson’s cartilages, lying one on each side of the 
rostrum m the vomeune region (p 51 , Plate 9, figs 76 and 77 , Plate 13, 
figs. 155-157). 

In late embryonic life, and even in the adult, the quadrate articulates with the roof 
of the tympanic cavity by a double articular surface (p 51, Plate 9, figs 78 and 79) 

The hyoidean portion of the tongue-bone chondrifies late—subsequently to Stage G 
—and never ossifies (pp. 52 and 65 , Plate 9, fig 82, and Plate 11, fig. 132) 

6 The Vertebral Column, 

As in other Birds, the atlas arises from a post-occipital mtercentrum and a pair of 
neurochondntes The axis consists originally of seven pieces, its own centrochondrite, 
the odontoid or centrochondrite of the atlas, a post-atlantal mtercentrum, a pair of 
neurochondntes, and a pair of pleurochondrites In both vertebrae each of these 
elements ossifies separately (pp 73 and 79 , Plate 15, figs 175-179 and 194) 

The way m which the notochord is constricted by the ingrowing centrochondntes 
differs greatly m the various regions (p 79 , Plate 15, figs 194-197) 

The atlas and axis m a newly-hatched embryo diffei far less than m the adult from 
those of the othei Ttatitm (p 73) 

Two intercentra are descnbed m the caudal region (pp. 78 and 84 , Plate 15, 
figs 188 and 206) 

A new method of writing the vertebral formula of Birds is adopted (pp 78, 81, 
and 83) 

7 The Sternum and Ribs 

In Stage E the sternum is nearly horizontal m position , only two sternal ribs are 
attached to it by joints, and a third by indifferent tissue, and it does not extend 
• caudad of the attachment of the thud (p. 87 , Plate 16, fig 216) In Stage P 
three ribs are united to it by joints, and a fourth by fibrous tissue (p, 87 , Plate 16, 
fig. 217). In Stage G there is the normal number of four sternal ribs m connection 
with the sternum These facts seem to show that the costal sternum does not 
originate by the union of the ventral ends of all four sternal ribs, but that it extends 
backwards independently of the third and fourth ribs, meeting them in turn and 
becoming united with them by joints 
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In some adult specimens the sternum bears a low median ridge, probably to be 
looked upon as a vestigial keel (p. 86 ; Plate 16, figs 210, 211, and 213). 

The form of the adult sternum is very variable (Plate 16, figs 208-215). 


8 The Shoulder-Girdle 

Up to Stage II the shoulder girdle is a single cartilage (Plate 17, figs. 233-237). 
During that stage the procoracoid and coracoid are differentiated by fenestration 
(p 91, Plate 17, fig 238). The procoracoid degenerates into a ligament (p 92 , 
Plate 17, figs. 239 and 240), which is sometimes present m the adult (p. 89, 
Plate 16, figs 225, 226, and 229) The coracoid fenestra may persist or may be filled 
up by a preaxial extension of the coracoid (p 89 ; Plate 16, figs 225-232). 

Acromial, procoracoid, and acrocoracoid tuberosities are present (p. 90 ; Plate J 6, 
figs 22 5-232). 

The coraco-scapular angle vanes from 150° to 122°. In Stage E the scapula is 
curved backwards over the ribs (p. 91 , Plate 16, fig 216). In the same stage the 
coraco-vertebral angle is 35°, by Stage IT it has increased to 90° (p. 91). 

The adult shoulder-gndle is subject to great variation both in form and size 
(Plate 16, figs 225-232). 

9. The Fore-Limb. 

* 

In tli© carpus a radiale, an ulnare, and the three preaxial distalia are distinguishable 
in early stages (pp, 94-95 ; Plate 17, figs. 254-260) The distalia usually concresce 
with the second and third metacarpals to form a carpo-metacarpus, with which the 
radiale and ulnare may or may not become united (pp. 95-97 ; Plate 17, figs, 
261-264, and Plate 18, figs 265-273). 

The pollex usually atrophies at an early stage, hut a vestige of it may persist 
(pp 95 and 97; Plate 17, figs 257 and 263 ; Plate 18, fig. 271). 

The nianus is fairly constant in structure in A. australis and A. oiveni, hut is very 
variable in A. bullen (p. 92 , Plate 17, figs. 241-253). 


10 The Pelvic-Girdle. 

The pubis aud ischium are nearly vertical in Stages D and E, and gradually become 
rotated backwards (pp. 98 and 99 ; Plate 18, figs. 274-277). 

The post-ilium is already fully formed in Stage D, the pre-ilium not until Stage G 
(pp 98 and 99 ; Plate 18, figs. 274-277). 

The pectineal process is ossified equally from the ilium and the pubis (p. 99; 
Plate 18, fig. 279)/ 
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11 The Hind-Limb 

In the tarsus a tibiale, a fibulare, and a single distale are distinguishable in 
Stages D and E (p. 101, Plate 18,-figs 280 and 283) In F a postaxial central© 
appears in the rudiment of the mesotarsal articular pad (p 101 , fig 287), m G it 
becomes chondrified (p 102 , fig 291), andm the adult ossified (p 100 , fig 292) A 
smaller preaxial centrale is first seen as a distinct chondnte m Stage L (p 102); m 
the adult of A australis and A. haastn (?) it was observed as a separate bone m the 
preaxial moiety of the mesotarsal pad (p 100, fig 292) 

In Stage D the fifth digit is represented by an elongated metatarsal (p 101, 
fig 282), m E this has diminished in size (p 101; fig 284), and m F undergone 
almost complete atrophy (p 102 ; fig. 288) 

12. Muscles of the Wing. 

The following muscles are present m the wing m addition to those described by 
Owen —Brachialis anticus, supinator, pronator, anconeus, flexor profundus internus, 
extensor carpi ulnans, extensor metacarpi radiahs brevis, extensor mdicis propnus, 
and flexor digitorum profundus. There may also be a brachiahs anticus accessorius, 
an mterosseus dorsalis, and probably a flexor carpi radialis (p. 104; Plate 19, 
figs. 293-296). 

The biceps arises from the acrocoracoid, the triceps by a long head from the scapula 
and by a short head from the humerus (p 104, fig 293) 

13. The Brain, 

The mesencephal is unusually small from the first (p. 108 , Plate 3, figs l and 2). 
In Stages D-F the optic lobes are dorsal (Plate 19, figs 304 and 306), m G they 
become lateral by the transverse extension of the optic commissuie or median portion 
of the roof of the mesoccele (p. 109, figs 308 and 309); in H they are already 
ventral, although larger proportionally than m the adult (fig 310). 

The diencephal becomes tilted backwards in later stages, its dorsal wall becoming 
posterior, and the foramen of Monro postero-dorsal instead of antero-dorsal (p 106 ; 
fig 301) 

The anterior commissure and corpus callosum are laige (fig 301) 

The cerebral hemispheres are of unusual proportional length, and partly cover the 
cerebellum (figs. 2.97, 299, and 30J). 


14. The Eye 

A pecten is present during late embryonic life (p. 109 , Plate 13, fig. 158, and 
Plate 19, fig 311) 
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15 Phylogeny. 

The following characters support the view that Apteryx is derived from a typical 
Avian form capable of flight — 

a The presence of an alar membrane or patagmm (p 36 ; Plate 3, figs. 14 and 15) 
b. The presence of pterylse and apteria (pp 33, 34, and 35 , Plate 3, figs. 8, 10, and 
12) 

c The presence of remiges and of tectrices majores (p 37 , Plate 3, figs. 14 and 15). 
cl The attitude assumed during sleep (p 36) 

e The presence of two aiticular facets on the head of the quadrate (p. 51). 

/ The presence of a pygostyle (p 83) 

g The extreme variability of the sternum, shoulder-girdle, and wing, indicating 
degeneration. * 

h The occasional occurrence of a median longitudinal ridge or vestigial keel on the 
sternum (Plate 16, figs. 210, 211, and 213). 

i. The position of the shoulder-girdle and sternum m Stage E (p. 91 , Plate 16, 

fig. 216). 

j. The presence of vestigial acromial, procoracoid, and acroeoracoid processes. 

Jc. The fact that the skeleton of the fore-limb is that of a true wing in Stage E 
(p. 94 ; Plate 17, fig, 256) 

l. The early assumption of undoubted avian characters in the pelvis (p. 98), 

m. The typically avian characters, both as to structure and development, of the 

vertebral column and hind-limb. 

n . The fact that the bram passes through a typical avian stage with lateral optic lobes 

(p. 109 , Plate 19, figs. 308 and 309). 

o. The relations of the subclavius muscle (p. 90 ; Plate 19, fig, 293) 

On the other hand the total absence of rectrices tells against this view. 

The following characters indicate derivation from a more generalised type than 
existing Birds — 

a The characters of the chondrocranium, especially in the earlier stages (pp. 59, &c.). 
Many of these peculiarities, e g., the absence of an interorbital septum, may, 
however, be adaptive and correlated with the diminished eyes and the 
enlarged olfactory organs. 

b. The presence of an operculum in early stages (pp. 30 and 31; Plate 3, figs. 2, 3, 

and 4, Plate 5, fig. 41). As however this structure has not been described 
in Reptiles, it either proves nothing or too much. 

c. The presence of a well-marked procoracoid in comparatively late embryonio life 

, (p. 92 ; Plate 17, figs 238 and 239). 

d The characters of the pelvis 
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On the other hand, in the following characters Apteryx exhibits greater specialisa¬ 
tion than other birds — 

a The early assumption of their permanent position by the limbs (p 29) 
b The late appearance and obviously degraded character of the hyoid poition of the 
tongue-bone (pp 52 and 65) 

c The position of the nostrils and the peculiar mode of development of the 
respiratory section of the nasal chamber (pp. 61, 63, and 65) 
d. The total absence of clavicles. 

Such characters as the position of the basipterygoid processes, the broad vomer, 
and the presence of Jacobson’s cartilages, being paralleled m existing Carinatse, 
some of them even m Passerines, can hardly be considered as of fundamental 
importance, since they may be derived either from a Proto-Carinate or from an eaily 
typical Carinate stock. 

Before considering the peculiarities m the development of the sternum as of 
fundamental importance, it will be necessary to study that of the flightless Carinatse, 
and especially of String ops (p 86) 

The general balance of evidence seems to point to the derivation of both Batitse 
and Carmatae from an early group of typical flying Birds, or Proto-Gannatce (p 37) 
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Description op Plates 3-19 


The scale of enlargement is given .on the figures themselves 

In plates dealing with the skeleton cartilaginous parts are coloured green and 
cartilage hones brown, membrane bones are uncoloured or (in sections) black, 
prochondral tissue is darkly shaded. 


A. External Form. 


All 

Allantois (in outline) 

References, 

Mes,8om . 16 and 28. 16th and 28th mesoblastic 

Au. 

Auditory sac 


somites. 

Claw 

Terminal claw of wing. 

Meten 

Metenecphal. 

Olo Ap. 

Cloacal aperture 

Kid, dig. 

Mid-digital remex. 

01 1-4 

Visceral clefts. 

Mn. 

Mandibular fold. 

Qubit 1 

First cubital remex. 

Mtr.p, 

Metacarpal remiges. 

Dien 

Diencephal 

Mth. 

Mouth. 

Dors Pt 

Dorsal pteryla 

Na. 

External nasal aperture. 

Fem.Pt, 

Femoral pteryla 

Nch, 

Notochord, 

FL. 

Fore-limb 

Opera. 

Operculum, 

Fr Na P. 

Fronto-nasal process 

Prosen, 

Brosencephal. 

2PL. 

Hind-limb 

Pr.Ptgm. 

Pre-patagium, 

m 

Heart 

Pt.Pigm. 

Post-patagium. 

Bum Pt, 

Humeral pteryla. 

S.Mx.P. 

Superior maxillary process. 

By 

Hyoid fold. 

Bom.Sth, 

Somatic stalk 

Inf,Al Apt 

Lower wing space. 

Tect.maj. 

Tectrioes majores. 

Lat Apt 

Lateral apterium. 

Vpg. 

Uropygium, 

Mesen. 

Mesencephal 

Vent,Apt 

Ventral apterium 



1-1 

Digits of manus or pes. 
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Plate 

Pig 

Stage 

Species 


3 

1 

A 

aush ahs 

Entne embiyo from tlie right side 


2 

B 

3 

33 33 3 ) 33 33 


3 

C 

3 3 

33 33 *>3 left j, 


4 

33 

33 

The head, obliquely fiorn beneath 


5 

D 

oweni 

Entire embryo from the left side The heart is exposed by luptuie 





of the body ■wall 


6 

E 

35 

Entne embryo fiom the left side Heait exposed by ruptiue of 





body wall 


7 

33 

3 

Pes, dorsal aspect 


8 

P 

33 

Entire embryo from the left side 


9 

33 

33 

Foie-limb, dorsal (external) aspect 


10 

G 

ciush ahs 

Entne embryo fiom the light side 


11 

33 

33 

Caudal extremity ^ 


12 

I 

33 

Enibiyo from the left side with the feathers removed 


13 

35 

33 

Left wing, vential (inner) aspect 


14 

Adult 

bullet i 

Right wing, dorsal (outei) aspect 


15 

33 

33 

,, „ ventral (inner) ,, 


16 

33 

33 

Barbule of a wung-feather, showing curved barbicels 


B. Sections of Stages A, B, and C 


References 


Au 

Auditory capsule 

Jug V 

Jugular vein 

Au 0 

Auditory capsule 

Mes neph 

Mesonephros 

Aula 

Cavity of basi-cerebrum 

Lam teo m 

Lamina termmalis 

Bas Ai t 

Basilar artery 

Mn 

Mandibulai fold 

Bas Grb 

Basi-cerebrum, or median portion 

MPl 

Muscle plate 


of secondary fore-bram 

Ms coe 

Mesocoele (cavity of mid-biam) 

Bs Opt 

Basi-opticus, or mid-ventral poition 

Mt coe 

Metacoele (4th ventucle) 


of mid-bram 

Mth 

Mouth 

Br 1-3 

Branchial folds, 

My 

Myelon 

Oent 

Rudiment of centrum 

Na 

Nasal sac 

01 1-5 

Visceral clefts. 

Neh 

Notochord 

01 Ap 

Cloacal aperture 

Nv 3, 5,10 

Oculomotor, trigeminal, and vagus 

Gael 

Coelome 


nerves 

JD Ao 

Dorsal aorta 

Opeoc 

Operculum 

JD'b Ooe 

Diacoele (3id ventricle) 

Opt coe 

Optoccele (cavity of optic lobe) 

JEpen. 

Epencephal (ceiebellum) 

Opten 

Optencephal (optic lobe) 

f 

Pissure between mesoblastic 

Opt ves 

Pi unary optic vesicle 


somites 

Pa Ch 

Parachordal plate 

FL. 

Pore-limb 

Pm 

Pineal body 

For Mono o 

Foramen of Monro 

PrCh 

Prochordal plate 

FrNaF 

Fronto-nasal process 

Pi Fm Diveo t Pre-pineal diverticulum 

EL. 

Hind-limb 

Pis coe 

Prosocoele (lateral ventricle) 

Ey 

Hyoid fold 

Pty 

Pituitary body 

Inf 

Infundibulum. 

SMxP 

Superior maxillary process 

Int Oar 

Internal carotid. 

Sp Gn 

Spinal ganglion 

Iteo 

Iter a tertio ad quartum ventn- 

Tr 

Trabecula 


culum 

VAo 

Ventral aorta 


MDCCCXOI.—B. R 
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Plate Pig Stage Species 


aust)ahs Sagittal section of head through median piano 
„ Pmeal region of same section enlarged 
„ Part of 20th section lateiad of median plane 
,, o 30tli ,> >) ” 

,, )i 40ik j) ?) 'i 

,, Horizontal section of head, level of diaccolo 

» oy° s 

, „ „ ,, „ pituitary body 


Tiansveisc 


Horizontal 


Trans\ om* 


trunk 


bead 


nasal aperture 

mandibular fold 

liyoid fold 

operculum 

2nd visceral cleft 

3rd visceral cleft 

fore limbs 

lurid-limbs 

notochord 

chaccole 

eyes 

supciior maxillary process 
mandibular fold 
hyoid Cold 


Horizontal 


trunk 


operculum and 2n 

„ ,, 3rd viscoral cleft 

limd-limbs 
notochord 


Plate 


C. Graphic Representations op Rate op Growth, 


Diagram showing the relative dimensions of various regions of the body in tho 
different stages, the length of the vertebral column being taken as a s tandard 
Diagram showing crave of growth of the entire hoad, tho brain caso, and tho 
beak, expressed as percentages of the vertebral column 
Diagram showing curves of growth of the ilium, sternum, scapula, and coracoid: 
vertebral column = 100 

Diagram showing curves of growth of entire fore-limb, brackium, antobraeliium, 
and manus vertebral column =100 

Diagram showing curve of growth of entire Kind-limb, femur, cruR, tarso-meta 
tarsus, and third digit. vertebral column = 100 
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D The Shell 



Refer 

enees 


a 

Process of ectoethmoid 

Inf 

Infundibulum 

A A Tib 

Antenoi accessory turbmal 

I St 

Infta-stapedial 

a bar fo 

Antenoi basiciamal fontanelle 

JaO 

Jacobson’s cartilage 

A Trb 

Anterior tuibmal 

Jn 

Jugal 

Al Sph 

All sphenoid 

jupi 

Jugal process of maxilla. 

Ang 

Angular 

Baa 

Lacrymal 

Ant Hgh 

Antium of Highmore 

Lac B 

Lacrymal duct 

Ant Na 

Antenoi naies 

Lac Gl 

Laciymal gland 

Art 

Articular 

lac for 

Lacrymal foiamen 

A) ij 

Arytenoid cartilage 

in be) fo 

Middle basicranial fontanelle 

A 8 G 

Antenoi semicncular canal 

Male G 

Meckel’s eaitilage 

Ait G 

Auditory capsule 

M Eth 

Mesethmoid 

Bus Ai t 

Basdar artery 

ITPtc) 

Pterygoid muscle 

B Br 

Basibranchial 

M Temp 

Tempbial muscle 

B Hy 

Basihyal 

Mtk 

Mouth 

B Oc 

Basioccipital 

II Tib 

Middle turbmal 

B ptg pi 

Basipteiygoid process ' 

Mr 

Maxilla 

bptyp) 

Facet on pteiygoid foi aiticulation 

Na 

Nasal 


of ditto 

n a 

Foramen foi nutrient aiteiv 

B.Sph 

Basisphenoid 

na pi 

Nasal process of premaxilla or of 

B Tmp 

Basitempoial 


frontal 

0 Br 

Oei ato-branchial 

Na Tib 

Naso-tuibmal 

OSy 

Ceiato-hyal 

Nek 

Notochord 

GHy' 

Prochondral ludiment of ditto 

Nv I-XII 

Cerebral nerves or their foiamina 

On 1 and 2 

Internal and external condyles of 

Ni F 1 - 3 

The tluee divisions of the tn- 


quadiate 


gemmal or their foramina 

Gal 

Columella auris 

Nv F 1 “ a,td b 

The two rami of the orbito-nasal 

Got 

Coronary 


nerve 

Gp Sti 

Corpus striatum 

Oc on 

Occipital condyle 

ci fa a 

Craniofacial cavity 

Oc for 

Occipital foramen 

Bent 

Dentary 

Olffos 

Olfactory fossa 

Bent' 

Fibrous rudiment of ditto 

Olf sac 

Olfactory sac 

Bb COi 

Diacoele (did ventncle) 

Op Ot 

Opisthotic 

Boi b sell 

Doi sum selloe 

oi b pr 

Oibital process of fiontal or of 

dpi. 

Descending piocess of nasal or of 


quadrate 


fiontal 

Oib Sph 

Orbito-sphenoid 

B Br 

Epibi anchial 

o sphpr 

Oibito-spheuoid process of frontal 

Be Eth 1-5 

The five regions of the ecto¬ 

ot pr 

Otic piocess of quadiate 


ethmoid 

Pa 

Panetal 

B St 

Extra-stapedial 

Pa Gh 

Parachordal cartilage 

Bth Br Sph 

Ethmo-presphenoid bone 

Pal 

Palatine 

Bus T 

Eustachian tube or its bony canal 

palpi 

Palatine process of premaxilla or 

Eco Col 

Extra-columella 


of maxilla 

Bcc oc 

Expccipital 

pa oc pr 

Paroccipitai piocess 

Ext And M 

External auditory meatus 

p bci fo 

Posterior basicranial fontanelle 

fief 

Floccular fossa 

Pect 

Pecten 

fov 

Fenestra ovalis 

Pmx 

Premaxilla 

Ft 

Frontal 

Pmx' 

Fibrous rudiment of ditto 

f rot 

Fenestra lotunda 

pn c 

Pneumatic cavity 

EC 8.0 

Horizontal semicircular canal 

pnf 

Pneumatic foramen 

Int.Gar, 

Internal carotid or its foiamen. 

Pi Oh 

Prochoidal eaitilage 


r 2 
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Pi Na 

Pienasal cartilage 

Rost 

Rostrum. 

Pr Ot 

Prootic 

S Ang 

Supia-angnkr 

pi Ot 

Facet on head of quadrate for 

Scl 

Scleiotic 

articulation with ditto 

8 0c 

Supra-occipital. 

Po osen 

Piosencephal 

8 orb F 

Superior oibital fontanelle. 

Pis cm 

Prosocoele (lateral ventricle) 

Spl 

Splemal 

Pi Sph 

Piesphenoid 

8 St 

Supi a- stap edial. 

Pi Sph' 

Paned moieties of ditto m Stage D 

Sq 

Squamosal 

Pi Tmp 

Pretempoial wings 

8q‘ 

Fibrous ludnnont of ditto, 

Ptg 

Pteiygoid 

SQ 

Faeob for ditto on hoad of quad- 

Pig' 

Fibions rudiment of ditto 


lato 

ptm 

Posterior naios 

tq pi 

Tegminal process 

P Tib 

Postenor tin. bin als 

Thy 

Thyroid eaitilago 

Pty 

Pituitaiy body 

Tr 

Trabecula. 

Pty,F 

Pituitaiy fossa 

Ti cb 

Trachea 

Pty ped 

Pituitary pedicle 

Tymp.O, 

Tympanic cavity. 

Qu 

Quadrate 

Tymp M 

Tympanic mombrane 

Qu (orb pr ) 

Orbital process of ditto 

VA Tib 

Ventral accessory turbmal 

Qu (otpi ) 

Otic process of ditto 

Vo 

Vomer, 

qu 

Facet for articulation of ditto on 
pterygoid or on quadiato-jugal 

on, 

Trausvoi'Ho commissure botwcon 
traboculm, soparating antonor 

qii 1 

Ditto on prootic. 


and middle basicranial fonta- 

qu* 

Ditto on alisplionoid 


nolloH. 

qu ** 

Ditto on squamosal 

?/• 

Ditto betwconparachordalB,separat¬ 

Qu Ju 

Quadrato-jugal. 


ing middle and posterior basi¬ 

Qu Ju' 

Fibrous rudiniont of ditto 


cranial fontanel! os. 

r 

Rhinen 

Ridge of parachordal, 

Rlnnencephal 


Zygomatic process of squamosal, 


Plate 

Fig 

Stage. 

Species 


8 

50 

K 

bulleri 

Entire skull, dorsal aspoct 


51 

33 

33 

„ „ ventral „ 


52 

33 

)) 

,, ,, from left side 


58 

31 

33 

33 3 3 behind 


54 

J 3 

33 

Mandible, dorsal 


55 

M 

13 

„ ventral 


56 

13 

13 

Entire skull, sagittal section 


57 

?1 

33 

The turhmals of the right side, mesial aspeot, exposed by removal 





of mesethmoid 


58] 





to l 

33 

australis 

The separate membrane bones 


74J 




9 

75 

3) 

33 

Ohondrooranium, dorsal 


76 

n 

3? 

„ ventral 


77 

}> 

3? 

„ left side 


78 

i? 

33 

Dorsal wall of tympanio cavity 
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Plate 

Pig 

Stage 

Species. 


9 

79 

K 

aust) ahs 

Quadiate, mesial aspect 


80 

33 

13 

Mandible after lemoval of membiane bones, ventral 


81 

n 

1 1 

Columella anus, posteuoi aspect 


82 

) 

33 

Tongue bone, doisal 


83 

3 

3 3 

Horizontal section of turbmals 


84 

13 

3 3 

„ ,, ,, furtliei ventrad 


85 

D 

oweni 

Entue skull, left side "1 


86 

J 

% 

Chondrocramnm, sagittal section ^restored from sections 


87 

5) 

33 

Columella auris J 


88 

11 

3 

Tiansveise section of head, anterior olfactoiy legion 


89 

1 J 

31 

„ „ „ level of postenor naies 


90 

3) 

13 

ii 3 3 j) eyes 


91 

31 

1 3 

,, „ „ ,, <sptic nerves 


92 

15 

13 

, ,j ,, , basipteLjgoid processes 


93 

1 

13 

,, ,, „ „ pituitary pedicle 


94 1 

95 J 

31 

3 

„ ,, ,, „ parachordals 

10 

96 

E 

7 

Entire skull fiom left side, restoied fiom sections 


97 

31 

33 

Chondrocianium, doisal, fiom a dissection 


98 

35 

33 

„ sagittal section, i estored from sections 


99 

n 

33 

Columella auris, restoied from sections 


100 

5' 

3 

Sagittal section of head, through olfactoiy chamber 


101 

33 

13 

Median sagittal section through basis crann 


102 

13 

33 

Sagittal section of ditto, slightly laterad of median plane 


103 

3? 

33 

Diagram of basis crann from above, showing probable relations of 





parachordals and trabeculae 


104 

P 

33 

Entne skull, from left side, from a dissection 


105 

33 

33 

1 Chondrocramm, dorsal ,, „ 


106 

J 

33 

,, ventral ,, „ 


107 

13 

3 

„ fiom left side „ „ 


108 

3 

37 

„ sagittal section, i estored fiom pievious dissections 





and from sections 


109 

11 

33 

Pituitary region of ditto, with connective tissue removed 


110 

3? 

33 

Tongue-cartilage (first branchial arch) 


111 

V 

3 

Median sagittal section of basis crami 


112 

33 

3 

Sagittal section of basis crann, 0 2 mm laterad of median plane 


113 

13 

33 

Transverse section of head, anterior olfactory region 


114 

13 

33 

,, „ „ part of ditto, showing characters of 





olfactory sac 


] 15 

33 

33 

„ „ „ anterior tmbinal legion 


316 

3 3 

M 

„ „ „ presphenoidal legion 


117 

33 

3? 

„ „ „ level of basipterygoid processes 


118 

33 

3 3 

,, „ „ „ dorsum sell os 


119 

3? 

33 

„ „ „ „ tympamo cavity 
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Plate 

Fig 

Stage 

Specie 1 ? 






11 

120 

G 

oweni 

Entire skull, dorsal 

1 from dissections, mombiane bonos added 


121 

3: 

13 

33 3 3 

venti al 

f from sections 


122 

31 


33 3 3 

left side 

J 




123 

3) 

33 

Ohondrocranimn, doisal 




124 

31 

n 

3) 

ventral 


from dissections coirooted by 


125 

13 

13 

33 

left side 


sections 


126 

3? 

3 

3) 

sagittal soolion __ 



127 

33 

aubti ahs 

Txansverse soction of Read, anfcerioi ondoi boak 


128 

31 

3 3 

13 

31 

53 

level of anterior naros 


129 

J t 

33 

33 

33 

7? 

11 

n aso-turbinal 


130 

33 

3 1 

13 

11 

niandiblo slightly eaudad of piocodmg 


131 

31 

33 

11 

11 

bead 

antenor turbmal legion 


132 

i J 

t 

11 

13 

17 

31 

levol of postonor nares 


133 

>3 

33 

53 

?5 

13 

■n 

oyes 


134 

*3 

i ^ 

3) 

11 

11 

31 

pituitary pedicle 


135 

33 

33 

3) 


11 

11 

anterior basicranial fontancdlo 


13G 

33 

3 

31 

11 

1) 

1) 

optic, nerves and basiptorygoid 



S3 

n 





processes 


137 

31 

>3 

5) 

11 


13 

pituitary body and internal 



13 

33 





carotid foramen 

12 

138 

33 


3) 

31 

1) 

just eaudad of pituitary body 


139 

11 

51 

13 

13 

11 

level of dorsum sol bo 


140 

3 

11 

13 

13 

11 

53 

posterior basicranial fontanollo 


141 

3) 

11 

31 

33 

11 

11 

trigeminal foramen 


142 

33 

13 

11 

?1 

13 

31 

tympanic cavity 


143 

13 

11 

11 

1) 

11 

13 

condyloid foramon 


j 144 

13 

1) 

15 

11 

11 

31 

occipital foramen 


145 


)1 

15 

31 

11 

31 

posterior ond of auditory 









capsule 


146 

H 

bulleri 

Entire skull, 

dorsal 





147 

31 

n 

Portion of cbondrocramum, dorsal 



148 

1) 

33 

33 

31 


vontrat 


149 

13 

oweni 

Transvorso soction of bead, 

anterior end of beak 


150 

13 

3) 

1) 

>> 

11 

level of anterior nares 


151 

1! 

13 

31 

15 

11 

J1 

naso turbinal 

13 

152 

33 

33 

13 

1? 

13 

at junction of first and second portions 


1 t:q 1 






of octoethmoid 


J.OO 1 

1541 

3? 

3) 

13 

15 

11 

region of ventral accessory turbinal 


1551 

1 


93 

33 

31 

33 

,, and antor ior accessory 


156 / 







turbinal s 


157 

i? 

1) 

33 

> 

s? 

33 

53 

anterior and middlo turbinals 


158 

11 

1} 

11 

13 

33 

levol of eye 


159 

13 

u 

33 

3) 

3? 

presphenoid region 


160 

35 

>5 

3) 

3) 

3? 

anterior part of pituitary fossa 
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Plate 

E.g 

Stage 

Species 

i ~ ~ 

i 

t 

13 

161 

H 

oioem 

Transverse section of head, level of anterior basiciamal fontanelle 


162] 

1 




14 

163 -i 

\ 

31 

3 

| 

5? „ „ posterior part of pituitary fossa 


164~ 






165 

< 

f 

11 

31 

„ „ „ through dorsum sell as 


166 J 






167 

)1 

33 

,, „ „ ,, posterior basicranial fontanelle 


168 






169 

}> 

55 

33 

jj „ „ level of tympanic cavity 


170 J 






171 

1 

33 

33 

,, „ „ „ occipital condyle 


172 

I 

austi dhs 

Chondi ocramum, dorsal 


173 

35 

33 

Sagittal section through basis crann 


174 

33 

bulleri 

| }5 » )5 J) 


E Vertebral Column and Bibs 


References 


azyg 

Antcuor zygapophysis 

neu 9 

Neuioid 

capit 

Head of nb 

n ost 

Neui osteite 

c chn 

Centrochondnte 

n sp 

Neural spine 

Gd 

Caudal vertebrae * 

Oc cn 

Occipital condyle 

Cor 

Coracoid 

Od 

Odontoid 

G ost 

Centrosteite 

parap 

Parapophysis 

Gv Th Eb 

Rib of cervico-thoracic vertebra 

pi 

Pleuroid 

diap 

Diapophysis 

p l elm 

Pleurochondrite 

Fe 

Eemur 

pi ost 

Pleurosteite 

n 

Ilium 

pt atl int c 

Post-atlantal intercentrum 

int cent 

Intercentrum 

ptoc%nt c 

„ occipital ,, 

int vei tfoi 

Intervertebral foramen 

Fu 

Pubis 

Isck 

Ischium 

Pyg 

Pygo style 

Lb. 

Lumbar vei tebrae 

8c 

Sacial vertebrae 

Lb 8c 

Lumbo-sacial vertebrae 

8cap 

Scapula 

l 9 

Ligament 

St 

Sternum 

My 

Myelon 

Th 

Thoracic vertebrae 

Nch 

Notochord, 

tub ere 

Tubercle of nb 

n c sib 

Neurocentral suture 

Unc 

TJnomaten 


* These and the remaining vertebrae are numbered m order, the numbers m brackets give the position 
in the entire series. 
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Plate 

Fig 

Stage 

Species 


15 

175 

K 

a ust) alls 

Atlas, cephalic aspect 


176 

)) 

33 

„ caudal ,, 


177 

33 

33 

Axis, left side 


00 

i> 

r“H 

33 

33 

„ ventral 


179 

M 

J? 

„ sagittal section 


180 

55 

33 

3id cervical, dorsal aspect 


181 

31 

33 

5th „ anterior aspect 


182 

Jl 

33 

„ „ postenor ,, 


183 

3 

31 

Ceivico-thoiacic, anterior aspect 


184 

3 3 

33 

1st tlioiacic „ 


185 

J? 

31 

2nd „ „ 


186 

33 

33 

Syn-sacrum and caudal vertebras, left side 


187 

33 

f 

31 

„ „ „ ventral 


188 

33 

33 

Last foui caudal vertebras, left sido 


189 

33 

33 

„ „ dorsal 


190 

33 

Indian 

Caudal vertebras, loft side 


191 

D 

oweni 

Voitical section of 12th cervical vertebra) 


192 

>3 

33 

„ „ 3rd thoracic ,, 


193 

33 

33 

„ „ 1st sacral ,, 


194 

E 

33 

Sagittal section of anterior cervical region, median 


195 

13 

33 

,, „ „ „ „ laterad of mosial plane 


196 

3) 

33 

,, „ sacral region 


197 

>3 

13 

„ „ posterior oaudal region 


198 

G 

33 

Atlas, anterior 


199 

33 

33 

Avis „ 


200 

33 

33 

„ left side 


201 

13 

33 

Thoracic vertebra, anterior 


1 202 


, australis 

1 1st sacral vertebra 1 


203 

33 

3) 

-r, , Ti.i ? Restored from sections 

Posterior oandal vertebra) J 


204 

I 

33 

Post-cemcal portion of vertebral column, with ribs, sternum, 





shoulder-gn’dle, and pelvis, left side 


205 

0 

oweni 

Syn-sacrum, left side 


206 

Adult 

australis 

Postenoi caudal region, right sido 


207 

31 

oweni 

„ „ „ sagittal section 
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F The Sternum 

References 

ant lat pi 
Cor 
Cor go 
Cv Th Rb 

Hu 

l 


A uteri 01 lateral process 
Coracoid 
Coracoid groove 
Cei vico-thoiacic nb 
Foil tan elle 
Humerus 

Median ridge or vestigial keel 


PI Obt Pleurosteon 

post lat pr Posterior lateral process 

postmeclpi ,, median „ 

Soap Scapula 

St Sternum 

Th Rb , 1-4 Thoracic ribs 
Tfnc Uncmates 


Plate 

Fig 

Stage 

Species 


16 

208 

Adult 

austi cihs 

Sternum, ventral 


209 

39 

33 

15 ) 3 


210 

3 i 

haastn ? 

11 11 


211 

” 

maxima 

—bullen 

1 i 33 


212 

* 3 

bullet i 

" 93 


213 

J1 

39 

33 ii 


214 

9 3 

Gionn 

19 3 3 


215 

J9 


33 3 3 


216 

E 

31 

„ with shoulder-girdle, anterior nbs, <fec , left side 


217 

F 

V 

,, with anterior ribs, left side 


218 

G 

austtaks 

„ ventral 


219 

\ 

1? 1 

33 

„ transveise section 


220 

H 

bullet i 

„ ventral 


221 

3 3 

owem 

31 3 ) 


222 

K 

austi ahs 

59 i 


223 

L 

>> 

11 ) i 


224 

M 

owem 

13 1 


129 


MDCCCXCJ.—B 
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G. The Shoulder-Girdle 


References 


act 

Aciomial tubeiosity 

Pr cm 

Procora ooul 

acr cor 

Acrocoiacoid tuberosity 

pi cor t 

Piocoracoid tuberosity 

Oor 

Coracmd 

prcoi hg 

,, ligament 

Gor fen 

Coracoid fenestra 

Soap 

Scapula 


Glenoid canty 

Sup cor Jo) 

Snpracornooid foiamon 


Plate 

Fig 

Stage 

Species 


16 

225 

Adult 

maxima 

Shoulder-girdle A venti al, 13. lateral aspect 




—hullpn 



226 

33 

haastn ? 

33 3 3* 31 'i 33 33 


227 

35 

australis 

31 33 33 3 J 33 33 33 


228 

n 


31 33 V i) f ? n >3 


229 

j? 

bullem 

31 M 33 33 1 13 31 


230 

H 

3 3 

>3 3 3 1 3 3 3 1 3 3 1 3 3 


231 

J) 

oweni 

11 31 33 33 33 31 i3 


232 

i) 

33 

* 

1) 31 33 33 1) >3 11 

17 

233 

E 

3) 

„ „ ventral 


234 

F 

33 

1 i 11 ?3 


235 

G 

33 

11 31 33 


236 

33 

australis 

,, „ two tiansverso sections 


237 

H 

oweni 

„ ,, ventral 


238 

33 

bullem 

15 ii 33 


239 

I 

australis 

1 3 33 M 


240 

K 

i 

I 

33 

33 3^ )3 

H. The Fore-Limb. 


References. 


01 

Alar claw 

Op. 

Carpale. 

Op Mtcp. 

C arpo-metacarpus 

dist 

Distale. 

dist 1-3. 

The separate distalia of early stages. 

Hit, 

Humerus 

Mtcp 1-3 

The three metacarpals. 


Thai, 2', 2", and 2"' Tlie phalanges of the 
second digit 

Phal 3, Phalanx of third digit. 

Ha Radius. 

fa, Radial e. 

fa dist. Radio-distale 

VL Ulna. 

Ulnare, 
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Plate 

Fig 

Stage 

l 

Species 




17 

241 

Adult 

1 

australis 

Left manus, dorsal aspect 



242 

33 

owem 

3 3 33 

33 3 1 



243 

55 

31 

3) 13 

13 11 



244 

35 

33 

3 3 33 

33 >1 



245 

5? ! 

bullen 

33 3 3 

'3 >3 



246 

53 

33 

3 3 33 

31 13 



247 

55 

33 

33 3 ) 

3 3 33 



248 

93 

3? 

Right „ 

5 3 3 3 



249 

33 

33 

Left ,, 

3 3 37 

i 

I 


250 

33 

haastn 

3? 33 

A doisal, B palmai aspect j 


251 

M 

f 

33 

3 9 33 

dorsal aspect 

t 


252 

>3 

33 

Right „ 

13 51 



253 

33 

maxima 

Left ,, 

53 33 

-V. 




= bulle7i 





254 

E 

owem 

Honzontal section of left fore-limb (combined figure) 


255 

33 

33 

33 

91 33 33 31 33 

single section, further dorsad 







than the preceding 


256 

F 

35 

33 

,, „ „ manus (combined figure) I 


257 

G 

australis 

Left manus, dorsal aspect, restored from sections 


258-1 

259 J 

33 

33 

Single horizontal sections of left manus 


260 

9' 

owem 

Horizontal section of left manus 



261 

H 

33 

93 

3 3 33 V 33 



262 


bullen 






3 3 


33 

33 33 33 93 

y combined figures 


263 j 

I 

33 

33 

93 3 ) 39 5 * 



264 


australis 

93 

3 3 3 3 3 3 3 3 


18 

265 

K 

l ” 

Left foie- 

limb, dorsal (outer) aspect 


266 

33 

31 

Horizontal section of left caipo-metacaipus 


267 

33 

bulle? b 

Left manus, dorsad aspect 



268 

33 

33 

Honzontal section of left eaipo-nietacarpus 


269 

L 

australis 

Left manus, doisal aspect 



270 

33 

33 

Honzontal section of left calpo-metacarpus 


271 

3 > 


Left manus, doisal aspect 



272 

M 

[ austialis 

3 3 3 3 

13 99 



273 

33 

1 , 

>> 3 ? 

3 3 1-1 



K 2 
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I The Pe.lv ls. 

References 

aotb Acetabulum 

Ant troll Antitrocliantei 

Isch Iscliium 

Peet pr Pectineal process 


Plate J Fig | Stage | Species 

oweni Left innominate, external aspect, restored from sections 

5? 33 55 5? ?S 55 55 M 

5) 55 5 1 55 11 5 5 

J 5 93 "1 55 5 5 5 '5 55 

CL / U/bi f i QjI>%S 1) ^ J* 55 M 5^ 


18 274 D 

275 E 

276 F 

277 Q- 

278 L 

279 O 


Pi.IL Pre-ilium 

Ft II Post-ilium 

, Fa Pubis 


K. The i Imp- Limb 



References. 


asc pr 

Ascending process of tibialo 

1 Fib 

Fibula 

cent 1 

Preaxial centrale. 

' fib 

Fibuliu o 

cent 2. 

Postaxial ,, 

Mt tbl 1-5 

Metatarsals 

dist. 

Distal e 

Tib 

Tibia 

Fe 

Femur 

tib 

Tibialo. 


Plate 


Stage 

Species 

1 18 

1 

280 

2811 

D 

oiveni 

1 

282 f 

91 

33 


283 

E 

M 


284 

95 

33 


285 

F 

39 


286 

35 

3 3 


287 

53 

93 


288 

33 

33 


289 

G- 

33 


290 

39 

australis 


291 

31 



292 

Adult 

haastn ? 


Left leg, dorsal aspect, reconstructed from soctumH 

Single horizontal sections of tarsus 

Left leg, dorsal aspect, reconstructed from sections 
Horizontal section of tarsus 

Right pes, dorsal aspect, reconstructed from sections 
Horizontal section of tarsus 
Vertical „ „ 

Horizontal „ ,, 

Left leg, dorsal aspect 
Horizontal section of tarsus 

SI SJ >s 

Posterior (plantai) aspect of mesotarsal joint 




AND DEVELOPMENT OP APTERYX 


133 


L Muscles oe the Wing 


References 


ancon M anconeus i 

flex pi of mt 

M flexor profundus inteinus gallina^ 

biceps M biceps bi acini , 


ceoium 

In ach ant M brachialis anticus j 

Hu 

Humei us 

brach int access M brachialis anticus accessouus 

intei os dois 

M mterosseus doisahs 

Cor hack sup M coiaco-hiachialis supenoi 

pact maj 

M pectoralis majoi 

Ooi biack mf M coraco-hrachialis mferioi 1 

pi on 

M pronator 

Op Mtcp Carpo-metacarpus j 

Ea 

Radius 

ext cai p ul M extensor cai pi ulnans 

Subcl 

M suhclavius 

eatindpiop M extensor mdicis pi opuus 

supm 

M supinator. 

ext metacaip rad h ev M extensor metacai pi 

tei es 

M tei es 

radiatis brevis 

triceps 

M triceps brachn 

flex carp sad M flexoi carpi radialis 

Ul 

Ulna'* 


flex dig pi of M flexoi digitorum piofundus 


Plate 

Pig 

Stage 

_ 

Species 


19 

293 

Adult 

austialis 

Muscles of the shouldei and wing, dorsal (external) aspect 


294 

33 

33 

„ loi e-arm and hand, palmar aspect j 


295 

33 

bullei i 

, , „ dorsal „ 


296 

' 3 

33 

1 , , palmai „ j 


M. The Brain and Eye 


References 


ant cum Antenoi commissuie 

chplx Choi oid plexus 

coop call Coipus callosum 

coip.stn Coipus stnatum 

Bs.opt Basiopticus 

ch cm Diaccele (thud ventricle ) 

Dien Dxencephal 

ep cm Epicoele (ceiebellar ventricle) 

PI pen Epencephal (cerebellum) 

•floe Flocculus 

for M Foramen o± Monro 

inf Infundibulum 

lam tei m Lamina termmalis 

Mesen Mesencephal 

Meten Metencephal (medulla oblongata) 

Ms cm. & iter Mesoccele 

nit cm, Metaeoele (fomth ventucle) 

Nv If-XII Coiebral naves 


opt ch* 
opt cm 
opt coni 
Opten 


Optic clnasma 
Optocoele (optic ventucle) 
Optic commissure 
Optencephal (optic lobe) 


Opt that Optic thalamus 

Opt ves Optic vesicle 

Peot Pecten 

ped erb Peduncle of cerebrum 
pedcibl „ ceiehellum 

Pin Pineal body 

post com Posterior commissure 
Piosen Piosencephal (ceiebral hemisphere) 
Pi Pm I) wet tic Prepineal diverticulum 
jn s cm Prosoccele (lateral ventricle) 

Pty Pituitaiy body 

RJdnen Rlnnencephal (olfactoiy lobe) 

i el int Velum infceipositum 
VIv Vtens Valve of Vtetjssf\s 
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Plate 

Pig 

Stage 

Species 

19 

297 

Adult 

bullen 


298 

33 

33 


299 

33 

33 


300 

33 

33 


301 

33 

australis 


302 

I 

3 ? 


303 

33 

33 


304 

E 

owem 


305 

33 

33 
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The present investigation has for its scope to follow out the course of certain fibres in 
the brain which have hitherto escaped minute investigation. 

Introduction. 

There are various methods which have been adopted to work out the course of the 
fibres in the brain The method by dissection of the brain with the scalpel has been 

28 4 91 
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much employed, and though it is doubtless of value m tracing out the coarser strands, 
it is open to the objection that the paits are very much displaced by the operation 
necessary to follow out the fibres, and also that relations may be artificially pioduced 
which do not actually exist Moreover it is quite impossible to trace the fibres to 
their ultimate ending, as this can only be accomplished by the use of the microscope. 

The methods of tracing the fibres by producing degeneration in the different tiacts 
by dividing them during life, and also the method of examining the period in fetal 
life at which the fibres acquire their medullated sheath, which has been employed by 
Flechsig, give most certain results, but they present great difficulties when a large 
system of fibres like the cingulum, which courses lound the whole extent of the brain, 
has to be minutely examined 

It was also found that to woik out the course of the cingulum it was quite impos¬ 
sible to perform this satisfactorily m a brain like that of Man or the Monkey, which 
possessed a deep calloso-iUargmal sulcus, lound which it was probable that the fibres 
of the cingulum would have to pass on their way to other parts, and which would 
prevent them from being traced in any other plane than that of the fiontal. Owing 
to the unwieldy size of the human brain it is very difficult, if not impossible, to trace 
the fibres under the microscope, and pathological anatomy 1ms not hitherto thrown 
any light on the course of the fibres treated of m this paper. 

It was therefore thought desirable to follow out these fibres by nuking serial 
sections m different planes of a small hut high brain like that of the Marmoset, and 
by using reagents which especially differentiate the medullated fibres. 

The part of the brain which lias been investigated in the present research comprises 
the cingulum or the longitudinal fibres of the gyrus foimoatus, the body and the 
posterior pillars of the fornix, and the connections of the posterior patt of the body 

and the splemum of the corpus callosum with the occipital and temporo-sphenoidal 
lobes. 

Before proceeding to a description of the work I shall cite references from some of 
the best-known text-books, and for this purpose I shall give extracts from Qijain’s 
A natomy, 9th edition, from works on the Brain by Meynert, Schwalbe, Ober- 
steiner, Wernicke, Huguenin, Henle, and from Fovjlle’h * Atlas of the Brain ' 
These descriptions apply to the brain of Man only, but, as far as 1 can ascertain, 
there is no account published of the minute anatomy of the Maimoset’s brain For 
the sake of convenience each of the above-named structures will be described 
separately as it appears m the three different planes, and after tracing it through 
th6se different directions a resume will be given of the connections aud appearances of 
each structure as a whole, t e , in the three dimensions of space To prevent con¬ 
fusion the references to the various authors for each of the different parts under 
consideration will he put separately with the description of each part. 
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Method of Investigation 

The parts of the brain under examination are contained in the interior of the 
cerebrum and are approached with great difficulty for the purposes of producing 
degeneration during life, while, as far as we know at present, pathological changes 
m Man do not thiow much light on the subject 

It has seemed to me that the best results would be obtained by making serial 
sections m different planes of the biam of one of the lower animals, which 
should be small enough for easy manipulation, and yet at the same time should be 
sufficiently high m the animal scale for companson with the bram of Man For this 
reason the brain of the Marmoset was almost entirely used, and I have to thank 
Mr F. Beddakd, prosector to the Zoological Society, for kindly providing me with 
material The different species of Marmoset used comprise the Hajpale jactans and 
Hapale pemcillata 

In one case the brain of the Bonnet Monkey, Macacus simcus, was employed 

Details of Method —The brains of the Marmoset were put direct into a 3 per cent, 
solution of bichromate of potassium, where they were hardened m the usual way from 
two to four months and m one case for twelve months After hardening, the bram 
was embedded in celloidm and cut mto sections by Schanze’s microtome, from a 
50th to a 25th of a millimetre thick. The sections were stained by Weigert’s 
hsematoxylm method,* and m other cases by Pal’s! modification of Weigert’s 
method The sections were dehydrated m the ordinary way by absolute alcohol, 
clarified by oil of cloves or origanon oil, and mounted m Canada balsam The 
onganon oil, the use of which was introduced by Weigert, has the advantage over 
oil of cloves in that it does not dissolve out the celloidin, which is thus able to hold 
together the finer parts of the section and prevent its being tom to pieces m the 
process of clarifying It was found, however, that after the use of origanon oil, 
owing probably to the contraction exerted by the celloidin, these large sections after 
the application of the cover glass did not present a perfectly flat field when viewed 
with the higher powers of the microscope, and it was difficult to trace fibres m 
sections treated m thus way. 

To obviate this difficulty, and at the same time to prevent the sections from being 
damaged, the following plan was adopted m some of the sections: they were dehy¬ 
drated on the slide by absolute alcohol, this was run off without disturbing the 
sections, which were then clarified by adding origanon oil When this was completed, 
the oil was drained off the slide as much as possible, and oil of cloves was carefully 
added This was again run off after dissolving the celloidin, drained, and the 
preparation mounted in Canada balsam dissolved in xylol. 

Some of the sections were also cut after imbedding in paraffin. The bram was 

* ‘ Forfcschntte der Median,’ 1884, p 190, 1885, No 8 
t * Bnt Med Journal,’ 1888, vol 1, p. 510 
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Hardened m methylated alcohol, it was then put into a 3 per cent solution of 
bichromate of potash for two weeks, washed m water and in methylated alcohol and 
put direct into Weig-ert’s haematoxylin for three or four days, developed m the usual 
way, imbedded in paraffin after passing through absolute alcohol and oil of cloves, and 
the sections mounted after removing the paraffin by xylol. 

Direction of the Sections —In the following descriptions the sections of the brain 
were cut in the following planes, viz , sagittal, horizontal, frontal, and fronto-oblique 
The sagittal sections were made in a plane which is m a vertical and an antero 
posterior direction, m fact parallel to the median surface of one hemisphere. The 
horizontal sections were cut in a plane which would be horizontal in Man or Monkey 
when m the erect position This plane is, therefore, at right angles to the sagittal 
and along the greatest length of the brain, namely, from the tip of the frontal lobe m 
front to the tip of the occipital behind. The frontal sections were cut m a plane at 
right angles to the horizontal, viz, transversely across both hemispheres and m a 
vertical line. In the fronto-oblique sections the plane was transverse, but instead of 
being vertical or horizontal it inclines upwards and forwards and downwards and 
backwards so as to be parallel to the long axis of the medulla oblongata and pons 
Yarolii. 

In this way sections were obtained of the brain corresponding to the three dimen¬ 
sions of space; and, for the sake of comparison with the brain of Man, the animal is 
considered to be in the erect posture with the face directed forwards, and not in the 
position of walking on four legs, when the face would be directed towards the 
ground 

In preparing the series for every one plane, all the sections were examined as they 
were cut, but only those were mounted which presented a slight difference from the 
section preceding it. 

We thus have in the sagittal plane a complete series beginning at the middle line 
and extending outwards as far as the external capsule ; in the horizontal direction a 
complete series from the upper surface of the centrum ovale above to the level of the 
crus cerebri below, while in the frontal and fronto-oblique planes the series extends 
from the level of a fronto-oblique plane drawn through the anterior part of the crura 
cerebri, and extending backwards to a similar plane through the occipital lobe and at 
a point a short distance behind the most posterior limit of the lateral ventricle 

In this way it was considered that the different tracts of fibres might be traced 
from section to section m the individual series, and that points of difficulty which 
could not be ascertained in one section could be elucidated by examining the part in 
the other planes, and by combining the appearances seen in the three planes, a mental 
image of the structure m the three dimensions of space could be obtained. 
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Description of the Brain of the Marmoset (Hapale pemcillata). 

The brain of the Marmoset measures in its greatest length from the tip of the 
frontal lobe m front to the tip of the occipital behind from 3 2 to 3 5 centimeties, 
and across its broadest part, viz, across the temporo-sphenoidal lobes 2 5 to 2 7 
centimetres Its greatest depth from the vertex to the inferior surface of the 
temporo-sphenoidal lohe is about 2 2 centimetres 

The frontal and occipital lobes are well developed, and the latter completely 
overlap the cerebellum The most striking part about the Marmoset’s brain is 
the almost complete absence of convolutions, the surface bemg quite smooth and 
possessing only a few of the chief fissures Of these only the following can he made 
out, on the outer surface the fissure of Sylvius is well marked (Plates 23, 24, figs 34, 
39, SF*), and has a straight direction upwards and backwards, reaching a point 
about the middle of the outer surface of the hemisphere. The fissuie is represented 
only by its horizontal limb, as no trace of its anterior ascending limb can be found 

In the temporo-sphenoidal lobe there is a distmct indentation below and parallel to 
the fissure of Sylvius This represents the parallel sulcus m the brain of other 
animals 

There is no definite depression for the fissure of Rolando , unless its position is 
indicated by a blood-vessel which runs m the direction corresponding to this fissure 
m other animals 

On the median aspect of the Marmoset’s brain, the surface is very smooth, and 
there is only the slightest indication of a calloso-margmal sulcus , but on frontal 
section especially m the anterior part it can be seen as a very slight superficial 
depression m the cortical grey matter 

The most marked fissure on the median surface is the calcarine (figs 5, 34, 
44, F C.) It commences behind, near the tip of the occipital lobe and runs forward, 
at first horizontally, and then turns downwards and forwards It appears anteriorly 
to join the dentate or hippocampal sulcus m sagittal sections (see fig 10 , HS, F C) 
But this is really not the case, as on following these sagittal sections outwards, the 
isthmus of the gyrus formcatus is seen to separate the two, there is no doubt, 
however, that the calcarine fissure at its commencement forwards takes origin very 
near to the dentate ( cf fig 43 right, HS, C.S ). The calcarine is therefore a fissure 
of very great importance 

In fronto-oblique sections (fig 44) the direction of this fissure is seen to he in a 
direction outwards and downwards from the median line, and, as will subsequently be 
seen, it is in the cortex bounding this sulcus that we have the system of fibres which 
I have termed the calcarine. 

The Dentate or Hippocampal sulcus (figs 10, 35, 43 right, US) extends from the 
under surface of the gyrus fornicatus above, downwards along the anterior edge of the 

* See Explanation of Plates, pp 197-199 

T 2 
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gyrus hippocampi to the hollow in the hook of the uncinate or hippocampal 
convolution below It is seen very well m sagittal sections, where it is hounded by 
the fascia dentata. In frontal sections it forms a deep groove on the median aspect 
of the temporo-sphenoidal lobe (fig 40, U.S ), and m horizontal sections it is 
particularly well marked, separating the fascia dentata from the gyrus hippocampi 

In the above description the dentate sulcus has been traced to the under sin face of 
the gyrus fornicatus above In frontal sections, however, this sulcus can be seen to 
exist on the inferior surface of the gyrus fornicatus, and lying on the corpus callosum 
as far forward at least as the vertical level of the optic commissure, as has already 
been described m other animals * 

It will therefore be seen that with the exception of the gyrus hippocampi with its 
fascia dentata, and the grey matter bounding the deep calcarine fissure, the brain of 
the Marmoset has no convolutions. This property is of the highest importance m 
working out the fibres of the cingulum Owing to the absence of a calloso-margmal 
sulcus along the median face of the hemisphere the gyrus fornicatus and its contained 
cingulum is not separated off from the rest of the median surface (i.e., the gyrus 
margmalis) and the centrum semi-ovale, as it is in the brain of Man or the Macacque 
Monkey, but this sulcus m the Marmoset is represented by a slight indentation along 
the median line, and by the inner surface of the centrum semi-ovale presenting in 
frontal sections (figs. 39, 40) a slight concavity, at the lower end of which is situated 
the cingulum in close contact with the corpus callosum and the centrum semi-ovale. 

The fibres of the cingulum will not, therefore, have to wind round the deep calloso- 
marginal sulcus, as in Man and the Macacque Monkey, but can pass direct into the 
centrum semi-ovale, and their course will thus be brought into view m one of the 
three planes of sections, a result which it would be impossible to obtain in the two 
other brains referred to above 

I will now proceed to a detailed description of the structures under consideration, 
and will begin with the cingulum, giving first the views of the different authorities 
on the subject. 

Cingulum . 

Called also fibres of the gyrus fornicatus, fillet of the corpus callosum (Mayo). 

Previous Descriptions .—These fibres are described by QuAraf “ as constituting the 
white substance of the gyrus fornicatus, and they take a longitudinal course imme¬ 
diately above the transverse fibres of the corpus callosum. 

“ In front they bend downwards within the gyrus to which they belong, and are con¬ 
nected with the anterior perforated space, being joined by certain longitudinal fibres 
which run along the under surface of the corpus callosum near the middle line. 
Behind they turn round the back of the corpus callosum, and thence descend to the 

* Of ZnoKBBKANDJj,‘ TTeber das RieoR-Centrum.’ 
f Qctain’s ‘Anatomy/ 9th edition, p. 356. 
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point of the temporo-sphenoidal lobe, where, according to Foville, they again reach 
the peiforated space Offsets from these fibres pass upwards and backwards into the 
secondary convolutions derived from the gyrus formcatus m the longitudinal fissure ’ 

According to Schwalbe' 55 ' “Along the whole course of the gyrus formcatus, there 
is a longitudinal system of fibres, situated on the mesial surface of the hemisphere , 
starting from the lamina perforata anterior it is situated near to the genu, the body 
and the splemum of the corpus callosum, it then follows the course of the gyrus 
hippocampi to its ending m the gyrus uncmatus The greater part of these fibies is 
covered by the grey cortex inside the gyius formcatus and gives off fibres to neigh¬ 
bouring convolutions and receives fiesh ones m return, it becomes smallei in the 
isthmus of the gyrus fornicatus, and again enlarges m the gyius hippocampi, m the 
central medulla of which it ends. A small component part of this system of fibres, 
which remains attached to the upper surface of the body of the corpus callosum, after 
the gyrus cmguli has become detached from it, is known as the f taenia tecti ’ This 
set of fibres does not pass into the medullary centre of the gyrus hippocampi, but 
turns behind the splenium corporis callosi on to the surface of the gyrus hippocampi, 
forming the peculiar peripheral medullated layer, described as substantia reticularis, 
which again forms the superficial medullary lamina (Kernblatt) between the subiculum 
cornu Ammoms and the fascia dentata.” 

The cingulum, as described by Meynert,+ “ surrounds the coipus callosum , above it 
lies a broad convolution after removing the sulcus calloso-margmalis The medulla of 
this convolution is joined continuously on to the cingulum as well as the larger and 
shorter fasciculi proprn of the gyrus fornicatus which cover the cingulum, and it is 
also joined to the first frontal and parietal convolutions surrounding this gyrus The 
lowest bundle of the cingulum lying next to the corpus callosum (nervus Lancisi) 
connects the Ammon’s horn (substantia reticularis) with the olfactory convolu¬ 
tion After the cingulum has formed a covering for the calloso-marginal sulcus, and 
has formed all these connections with the cortex, its bundles contmue backwards below 
the splenium corporis callosi, and at the highest point j’om the fasciculi proprn upon 
which aie laid the calcarine and fronto-occipital sulci, these connect the cingulum with 
the gyrus hngualis ” 

MeyneetJ; states that, according to Arnold, the bundles run through the corpus 
callosum from the cortex of the gyrus fornicatus to jom the fornix and also mto the 
septum pellucidum, therefore other convolutions besides the gyrus uncinatus send 
“ projection-bundles” through the fornix. 

Hugtjenin§ describes the cmgulum m terms similar to that of Quatn, and other 
authors, and states that “it ends posteriorly and mferiorly m the region of the nucleus 

* Schwalbe, ‘ Lelirtnich. der Neurologic,’ Erlangen, 1881, p. 759 
f ‘ Psyduatne,’ Wien, 1884, p 37 
t Op cit , p. 39 

§ ‘ Anatomie des Centres Nerveux,’ 1879, p 126. 
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amygdalae, with which it has connections which have not yet been clearly elucidated 
Behind the spleinum of the corpus callosum the bundle is thinner, and again increases 
m thickness as it descends m the hippocampus, this difference in size is due to the fact 
that different systems of fibres contribute to its formation There is no doubt that 
there are fibres here which connect the internal surface of the frontal convolutions with 
the cortex of more distant parts, viz, the apex of the temporal lobe During the 
course of this bundle, it forms various intermediate stations of communication, and this 
is proved by the fact that the bundle of fibres, when traced from their beginning to 
their ending, do not get progressively smaller, but below the corpus callosum they 
become larger, as also m the temporal lobe. In the course of the cingulum above the 
corpus callosum, numerous other fibres fiom the neighbouring parts of the cortex, join 
it and then leave it again after a longer or shorter course ; this small system of arciform 
fibres is united to the fibres which go the whole length of the cingulum, these fibrae 
arcrformse resemble the fibrse proprise of other parts, and help to swell the size of the 
cingulum above the corpus callosum; they are least numerous behind the splemum 
corpus callosi. . . In Mammalia the cingulum receives at its anterior part fibres from 

the medulla of the olfactory lobe. . . These longitudinal fibres of the cingulum are 
crossed by transverse fibres from the medullary centre of the hemispheres; these 
terminate in the cortex of the gyrus fornicatus, and aie the fibres of the corpus 
callosum. It is not known whether any fibres of the corona radiata also follow this 
direction. On the other hand the fibres of the cingulum itself are distributed to the 
cortex of all the paits situated above it. .We have called the bundle of fibres 
lying beneath the gyrus fornicatus (circonvolution de Tourlet) a system of association 
fibres . . And as the different parts which they unite have such marked 
physiological differences we are quite justified m considering these fibres as systems 
connecting the various functional regions of the brain.” 

Hwdenin* also states that“the medulla of the olfactory lobe is united through its 
internal root to the medulla of the gyrus fornicatus (anterior part), while, by the 
external root, the olfactory nerve is joined to the medulla of the gyrus hippocampi and 
to the subiculum of the cornu A mmonis, that is the system of association fibres lying 
under the gyrus fornicatus ” 

In Boville’s ‘ Atlas,Plate 14, fig 1, and on Plate 18, fig. 1, the inner surface of 
the human brain is dissected to show fibres coursing upwards and backwards from 
the horizontal part of the cingulum along the connecting gyn to the marginal 
convolution, also to the convolutions below the calcarine fissure, and to the gyrus 
hippocampi and the nucleus amygdalae. These are the fibres described above by 
HttgueniR, and they evidently take their course on the surface of the convolution, 
forming a system of (t fibrse proprim,” and do not penetrate into the mass of fibres of 
^ the centrum ovale 

* Log oit , p. 131 

t Pans, 1844. 
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According to Obersteiner,* the cingulum is described “ as an arched system of fibres 
which course in the medullated substance of the gyrus cinguli. The cingulum, lies 
through the greater part of its course on the corpus callosum at that po in t where its 
fibres begin to radiate into the centrum ovale, and, as a rule, the cingul um can be seen 
even m the lower animals, in frontal sections through the he mis phere, as a round 
bundle of transversely cut fibres ” 

“ We see, therefore,f that m the striae longitudmales mediates (nervus Lancisi), 
including the fascia dentata (the outer zone of fibres), we have to look for the real 
edge of the superficial fibres of the cortex. 

“ Anteriorly, the striae longitudmales mediates are continued into the peduncles of 
the corpus callosum, which descend to the base of the brain , postenorly, they enter the 
fascia dentata of the cornu Ammonis, as well as the layer of white matter called 
the substantia reticularis Arnoldi. 

“ In some respects, viz, the arrangement of the third* layer, the coitex of the 
subiculum cornu Ammonis has an unmistakable resemblance to that of the gyius 
cinguli ” 

Sagittal sections .—To understand the direction and disposition of the fibres of the 
cingulum, it will be best to describe it first in sagittal sections, beginning at the 
median line and passing outwards Further, it will be convenient to divide it up 
into three parts, viz, a hoiizontal, situated in the gyrus formcatus above the corpus 
callosum; an anterior part extending m the gyrus formcatus from the front of the 
genu of the corpus callosum down to the anterior perforated spot; and a posterior 
part contained m the isthmus of the gyrus fornicatus and hippocampal gyrus and 
reaching from behind the splenium of the corpus callosum along the temporo- 
sphenoidal lobe to its anterior end. 

In the sagittal direction after cutting through the grey cortex corresponding 
to the marginal convolution and the gyrus formcatus in man, we reach the fibres 
of the cingulum, which appear first as a famt line of horizontal fibres, running from 
behind forwards and coursing round the front of the corpus callosum They he just 
above the corpus callosum and are distinct from the fibres of the centrum semi- 
ovale, except at the most anterior part, where the two seem to blend together. 

In front of the genu of the corpus callosum, the anterior fibres have a direction 
downwards and backwards. They seem to arise in the centrum ovale and run down* 
wards, but where they end cannot be accurately ascertained At the most inferior 
part, i e , next to the anterior perforated spot, the lowest fibres seem to be continued 
into the olfactory nerve and especially its internal root It would thus appear that 
the olfactory nerve is connected with fibres of the cingulum, which proceed from the 
centr um ovale of the extreme anterior frontal region, and not with those which come 
from that part of the cingulum which is above the corpus callosum, i, e ., the horizontal 
part 

* ‘Nervosen Cenferalorgane, ’ 1888, p 347, 
t Loc. cut , p. 359 
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It may be remarked here that this root of the olfactory nerve also arises from a 
group of cells in the angle formed by the nerve with the anterior descending part 
of the cingulum 

In the next sections the horizontal part of the cingulum, % e., the part above the 
corpus callosum, comes into view and it can be divided into two parts, an anterior 
and a posterior The anterior part lies directly m contact with the upper surface of 
the corpus callosum, whereas the posterior part is separated from the corpus callosum 
by the grey matter of the gyrus fornicatus This difference in appearance can be 
explained by examining frontal sections, where it is seen that m sections at the 
vertical level of the optic commissure (see fig. 39, Cing. h ), the principal axis of 
the cross section of the cingulum is almost veitical, whereas m sections through the 
moie posterior part of the corpus callosum (fig. 40, Cing h.) this axis is horizontal , 
or m other words, the breadth of the cortex corresponds to the gyrus fornicatus, 
increases m a horizontal transverse direction as we pass backwards, and m so doing 
it makes the cross section of the cingulum become more horizontal It follows from 
this that a sagittal section of the Marmoset’s brain would, at the vertical level of the 
optic commissure, cut through the cingulum lying on the corpus callosum without 
passing through any grey matter, w T hile more posteriorly more of the gtey matter 
would appear between the cingulum and the corpus callosum (see p. 154). 

The anterior part of the horizontal cingulum lies, as we have seen, on the corpus 
callosum, and has a direction forwards and downwards, parallel to the upper surface 
of the corpus callosum. The connexions of its fibres are very difficult to ascertain; 
posteriorly they seem to come from the cortex of the gyrus fornicatus, and‘anteriorly 
they appear to end in the centrum ovale, but this is not at all certain In the 
posterior part of the horizontal cingulum the connections are more decided Here, as 
has already been mentioned, the fibres of the cingulum are separated from the corpus 
callosum by the intervening cortex of the gyrus fornicatus (figs. 1-4) 

As this posterior part of the horizontal cingulum comes more in view as we proceed 
outwards, the anterior part which was seen to be close on to the corpus callosum 
gradually disappears, till in fig 1 we have only the posterior part visible. This would 
show that the horizontal pait of the cingulum is not parallel to the median line, but 
that its direction runs backwards and outwards, and, therefore, it is not possible to 
see its whole extent in any one section cut parallel to the median surface In figs 
1—4, the posterior part of the cingulum forms an arch beneath the centrum semi-ovale, 
and contains m its concavity the cortex of the gyrus fornicatus The arch consists 
of fibres having an antero-posterior direction; its posterior end appears to spring from 
that part of the gyrus fornicatus which is posterior to the corpus callosum, % e., the 
commencement of the isthmus, and the anterior leaves off abruptly near the upper 
surface of the corpus callosum. On microscopical examination a very definite arrange¬ 
ment of its fibres can be made out, posteriorly the arch receives fibres from the 
cprfex of the gyrus fornicatus, and then along the whole convexity of the arch the 
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fibies which, it received posteriorly run foiward and aie then directed upwards and 
foi wards into the centrum ovale The arch is therefore not formed by a continuity 
of fibres fiom end to end, but each fibre runs for a certam length in it, and then 
turns upwards into the centrum ovale "Whether the cavity of the arch receives 
any fresh fibres from the gyrus formcatus it is not possible to say for certain, but it is 
certain that fibres do come from the isthmus behind the corpus callosum We have 
here, therefore, a relay of fibres whose direction is always from behind forwards and 
upwards to pass into the centium semi-ovale 

The fibres which are most mfenor m the arch, i e , those nearest to the corpus 
callosum, start their upwaid course into the centrum semi-ovale at a more anterior 
point than the fibres which foim the superior conves pait of the arch, or, m other 
words, the more antenoi fibres are nearer to the median line, and also pass up into 
the centrum ovale anteriorly to the more external fibres 

The fibres which pass into the centrum ovale run upwards and forwards, and 
although they can be traced half way through its vertical depth, it has been impossible, 
owing to their complex anangement, to trace them to the cortex on the vertex of the 
biain. It is suggested, however, that probably such is their destination 

As we pass to sections which are further removed from the middle line, the arch 
of the cingulum becomes smaller at the expense of its anterior part (fig 4), and the 
gyrus fornicatus diminishes also m size until we reach the point where the cingulum 
is cut through by the fibres coming out from the posterior part of the corpus 
callosum to sweep round into the occipital lobes forming what is known as the 
tapetum 

The posterior fibres of the arch of the cingulum, i e , behind the corpus callosum, 
which are situated in the hinder part of the gyrus fornicatus, here end m the form 
of a bulb (fig 5 Cmg p ), whence fibres pass down to the superficial surface of 
this convolution (fig 5 , Sf) 

The part of the cingulum m front of the interceptmg fibres of the corpus callosum 
soon disappears m the next sections, leaving only the bulbous portion behind the 
splenium of the corpus callosum (fig. 5) 

This bulbous enlaigement comes into close relationship with a system of fibres 
which we may call the calcarine fibres (fig 5, Cf) (by is this meant the fibres 
contained in the convolution which, m the Marmoset, surrounds the prolongation of 
the calcarme fissure within the occipital lobe, see p. 162), and it forms the central 
white matter of the portion of the gyrus fornicatus which remains posterior to the 
corpus callosum, lying intermediately between the horizontal and posterior divisions 
of the cingulum 

The fibres m this bulbous formation of the cingulum soon assume an oblique 
direction, and appear m these sections as points, or m short lengths, where they are 
cut directly across or obliquely, and this direction of the fibres persists for some 
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distance, as the same appearance is seen in as many as six or seven successive 
microscopical sections of this series (figs. 5—9). 

During this course the direction of the fibres is m a plane at right angles to the 
sections, and they form part of the inner wall of the posterior cornu of the lateral 
ventricle, being separated by the ventricle from the posterior part of the corpus 
callosum and its tapetum 

The posterior part of the gyrus fornicatus soon begins to be prolonged downwards 
and forwards (fig 9) to join the hippocampal or uncinate convolution, forming what is 
known as the isthmus of the gyrus fornicatus The relation of the isthmus of the 
gyrus fornicatus to the calcarine fissure has been referred to m the anatomical 
description of the Marmoset’s brain (p 139) 

The bulb of the cingulum, whose fibres, as we have seen above, have assumed a 
transverse oblique direction, now send a prolongation of fibres downwards and 
forwards along the isthmus of the gyrus fornicatus (fig. 10, Omg y>.), while at 
the same time the superficial fibres of the gyrus hippocampi (Sf) are prolonged 
along the dentate sulcus (H.S.). The former fibres are soon seen (fig. 11 , Cing. p ) 
to sweep downwards and forwards m a thick leash in front of the fibtes of the corona 
radiata which are continuous with those of the occipital region below the calcarine 
sulcus, into the descending hippocampal gyrus. 

The cingulum then courses along the centre of the hippocampal gyms to end m 
the cortical surface on the inferior part of the temporo-sphenoidal lobe, but it has no 
connection with the nucleus amygdalae situated in front of the uncinate or hippo¬ 
campal convolution 

We thus have the third or posterior part of the cingulum in its entire extent 
reaching from behind the forceps major above, down to the anterior part of the 
temporo-sphenoidal lobe below. In this extent its size does not vary much, except 
that at the lower part it swells out before finally tapering off 

In sections still further removed from the middle line the fibres of the cingulum are 
intercepted in the isthmus of the gyrus fornicatus by another band of fibres. These 
come fiom that part of the corpus callosum which is known as the forceps major 
(fig. 11, FM.), and which is situated between the main body of the corpus callosum 
above and the upper end of the cortex of the hippocampal or uncinate convolution 
below, and just anterior to the descending fibres of the cingulum, from which latter 
it can be distmguished by its oblique direction downwards and backwards, and by 
the fact that its fibres are stained a much deeper colour than the cingulum. 

These fibres of the forceps major (fig. 12 , F.M.) course downwards and slightly 
backwards through the outer fibres of the cingulum, which they cross at an oblique 
angle, and their dark stained fibres (with Weigebt’s method) are in marked contrast 
to the paler fibres of the cingulum (See corpus callosum, p. 170.) 

..After this decussation of the two sets of fibres, the cingulum diminishes very much 
in size and only its lower end remains, 
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As fai as can. be ascertained, this posterior part of the cingulum m tbe temporo- 
sphenoidal lobe does not send any fibres forwards'into the uncmate or hippocampal 
convolution, but, on the contrary, communications (figs 11 and 12, Sf) from the 
superficial fibres of the cornu Ammoms urn forwards and downwards to join the 
descending fibres of the cingulum At its most inferior part it forms a thick leash of 
fibres (figs 11, 12, Cmg p ) situated just below the uncus of the uncinate convolu¬ 
tion, and from this leash fibres are given off into the cortex on the infeiioi surface of 
the temporo-sphenoidal lobe, extending to its anterior end 

As far as can be judged from these sections the descending fibres of the cingulum 
do not end either m the hippocampal convolution or m the nucleus amygdalae of the 
hippocampal lobule 

The direction of the individual fibres of this posterior portion of the cingul um m 
the upper pait of its course is m the long axis of the tract, but at its lower end it 
receives offsets from the superficial fibres of the cornu Am monia which enter it m 
a direction downwards and forwards Here the tiact of the cingulum is made up of 
a series of oblique fibres which spring from the superficial fibres just mentioned 
(figs 11 and 12, Sf), and go obliquely through the long axis of the cingulum to end 
m the cortex on the under surface of the temporo-sphenoidal lobe 

In sections nearer the middle line this most inferior part of the cingulum is crossed 
by the fibres of the alveus (see Fornix, p 184). 

The appearance of the cingulum, as it is seen m hoiizontal sections will now be 
considered. 

Horizontal sections —On making successive sections in a horizontal direction, 
beginning at the vertex and pioceedmg downwards, we arrive at the white matter of 
the centrum ovale (compare frontal sections of cingulum, fig 39) and soon the first 
indication of the cingulum (horizontal part) appears on the median side of the 
centrum ovale as fine fibres having a horizontal antero-posterior direction 

These fibres occupy about the second fourth of the whole length of the section 
Posteriorly they end abruptly, but anteriorly and along their whole outer border they 
turn outwards into the centrum ovale, and it is observed that the fibres which are 
situated nearest to the middle line make this turn outwards into the centrum ovale 
at a point further forward than the fibres which are more external, similar to what 
was seen in sagittal sections 

On proceeding lower (fig. 13, Cmg h ), we find the cingulum as a band of 
horizontal fibres running m the antero-postenor direction It presents two curves, 
namely, an anterioi one which is convex towards the middle line and a posterior 
which is concave This convexity explains how the anterior part of the cingulum is 
brought nearer to the median line in sagittal sections (see p 144) than the posterior 
part. 

The cingulum is here bounded immediately on the inner side by the grey matter of 
the gyrus formcatus ( QF ’.), and on the outer side by tbe white matter of the 
centrum ovale {CR). 

U 2 
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At this level its fibres turn outwards and forwards into the centrum ovale at its 
anterior end only, while posteriorly it forms a club-shaped bulbous enlaigement, 
which comes into close contact with the calcaime fibres (Of) (see p 145), 

On tracing the fibres of the cingulum m succeeding hoiizontal sections (fig 14, 
Cmg. h) the middle part disappears while the two ends continue, thus showing 
that the fibres have an arched direction from before back (comp sagittal sections, 
p 144). 

In subsequent sections (fig 15) the only parts of the cingulum which are visible 
are these anterior and posterior ends of the arch 

When we have passed the level of the inferior maigm of the gyrus fornicatus and 
reached the fibres of the corpus callosum as they cross to the opposite hemispheie, 
the posterior end of the arch of the cingulum (fig. 16, Cmg. p ) appears m the 
gyrus fornicatus, close to and posterior to the hinder part of the corpus callosum, and 
m close apposition to the calcarine fibres (Of) which bound it posteriorly. It 
presents a dotted appearance, showing that its fibres are cut across, and it is 
m marked contrast to the calcarine fibres, which have a more or less horizontal 
direction. The fibres of the cingulum are also distinguished from the calcarine by 
staining a slightly lighter colour. These two sets of fibres become very intimately 
connected, but lower down the calcarine are diminished m number. The cingulum 
while maintaining its descending direction appears to send off fibres which turn 
outwards and end abruptly at the inner wall of the lateral ventricle. They aro in 
short lengths and are evidently the continuation of the cingulum in an oblique 
direction outwards and downwards (fig 18) These fibres lie close to the inner wall 
of the posterior cornu of the lateial ventricle, being only separated from that cavity 
by a thm layer of the corpus callosum, whose fibres have a direction at right angles 
to those prolonged from the cingulum. On the inner side of the cingulum are the 
calcarine fibres, which are distinct from those of the former. Consequently, at this 
level (fig. 22), we have on the inner wall of the posterior ventricular cornu (L.v.p.) 
the fibres arranged m the following order, beginning from the ventricle and going 
backwards and inwards .— 

1st The fibres of the corpus callosum (SpV). 

2nd The prolongation from the cingulum, having a direction at right angles 
to the former (Cmg. p.). 

3rd The calcarine fibres, having a direction backwards, hut less outwards than 
those of the cingulum (Of.). 

The 1st and 3rd of these fibres will he referred to later. 

The fibres of the anterior part of the arch of the cingulum (figs. 16-22, Oing. ct), 
are now seen in front of the genu of the corpus callosum in the anterior descending 
part of the gyrus fornicatus, where they send fibres forwards and outwards into the 
centrum ovale. 
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In tracing the posterior part of the cingulum arch downwards (fig 23, Cmg p ) 
its fibres are gradually pushed backwards and outwards by the formation of the 
hippocampus major (C A ), which intervenes between the corpus callosum (Spl ) and the 
cingulum , the latter thus comes to occupy the position of the fibres prolonged back¬ 
wards from it above The calcarine fibres, still lower (fig 28) form a fa int ly stained 
descending tract, showing only their cut ends (figs 28-34, Cf), and situated behind 
the commencing hippocampus major (C A ). This tract of calcaime fibres is pro¬ 
longed backwards from the neighbourhood of the cingulum along the inner wall of 
the posterior cornu and extends to the tip of the central white matter of the occipital 
region, its fibres presenting the appearance of points, % e , cut across (fig 34, Cf.) 

In all these sections (figs. 23-34) the cut-across cingulum lies behind the cornu 
Ammonis or hippocampus major (C A.), and as we descend m the sections this becomes 
more developed, and at the same time the cingulum becomes flatter m appearance 
It is in contact posteriorly with the tract of calcarine fibres (Cf.) which are here 
continued along the inner wall of the posterior ventricular cornu , on the outer side 
of the cingulum is the forceps major (F M.), from the splenium corporis callosi, which 
has now reached the posterior surface of the cornu Ammonis (fig. 29); its inner end 
projects into the cortex of the gyrus hippocampi, where it comes into contact with 
the superficial fibres of this gyrus (Sf, fig 29) In the above arrangement the forceps 
major is readily distinguished from the cingulum by the fact that its fibres are 
so much more deeply stained. 

In fig 35 we have the superficial fibres (Sf) of the gyrus hippocampi very well 
marked, situated along the posterior edge of the dentate or hippocampal sulcus (HS ) 
and with a horizontal direction, which later becomes descendmg. They lie just m 
front of the cingulum, archmg round it, but no definite connection can be made out 
between them at this level 

The principal a xis of the cingulum (as seen m these sections), which had been trans¬ 
verse, now assumes more of an antero-posterior direction, the external end becoming 
the more posterior (figs 34-38) 

The calcarine fibres prolonged backwards along the inner wall of the posterior cornu 
have now (fig 35, Cf) a more horizontal direction, namely, outwards and backwards, 
and at right angles to the fibres of the forceps major, which is now (fig 37) begmnmg 
to pass backwards into the occipital region. 

In figs 35 and 36 we have the calcarine fibres (Cf) forming the outer boundary 
of a strip of grey matter, which, if traced forwards to the free inner edge of the 
hippocampal gyrus,, is found to contain there the vestige of a fissure which appears 
to arise out of the dentate or hippocampal sulcus (HS .); this is the calcarine fissure 
(F.C.) which is seen fully formed in figs. 29-34, and consequently the strip of grey 
matter is the cortex forming the floor of the calcarine fissure (comp figs 41-45). 
This piece of cortex is bounded along the whole extent of its inner side by a layer of 
fibres (fig. 35, Cf.) which have the same direction as the fibres on the outer side of 
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tms cortex, u., backwards and outwards, therefore these are the calcarine fibres of 
the inferior lip of the calcar me fissure In the next section (fig 36) the two sets of 
fibres have begun to join, and later (fig 37) the cortex has disappeared and its place 
is taken by the calcarine fibres, having a direction backwards and outwards, while in 
fig 38 only the lowest part (Cf) of these fibres is visible, the space being occupied 
by the forceps major 

From this it seems that these calcarine fibres can be traced round beneath the 
cortex at the bottom of the calcarine fissure, and that their direction is from the 
median line outwards and backwards, and after passing round the fissure they ascend 
vertically or obliquely along the inner surface of the posterior ventricular cornu m the 
cortex, forming the superior lip of the calcarine fissure (see p. 163), extending forwards 
to come into close relation with the cingulum 

Having now reached a level below the bottom of the calcarine fissure (fig 37) there 
is a great confusion of fibres, and those from the posterior part of the internal capsule 
and the optic radiations of Gbatiolet have begun to merge with the central white 
matter of the convolution which formed the inferior lip of the calcarine fissure, on the 
median aspect of the occipital lobe, fig 38, C.R 

In fact here the part of the occipital lobe on the outside of the calcarine fissure and 
of the lateral ventricle is merged with the part of the occipital lobe which is below 
that fissure. 

The fibres of the cingulum still have the appearance of being cut across, and sub¬ 
sequently the most internal fibres of the hinder part of the internal capsule, which, 
m previous sections proceeded to the extreme posterior part of the occipital convolu¬ 
tions, now turn sharply round the lateral ventricle into the neighbourhood of the 
cingulum This is owing to the fact that we have now reached a level near to the 
inferior surface of the occipital lobe, which, as we shall see further on, disappears 
altogether from the sections. At the same time the posterior cornu of the lateral 
ventricle gradually becomes shorter, receding from behind forwards, till at this level 
it does not extend farther back than the cingulum, in fact it almost ceases to exist as 
such. 

In the next section the cingulum appears to consist of two parts, an external 
part associated with the system of fibres bounding the outer or ventricular surface of 
the cornu Ammonia and forming what is known as the alveus (see p. 188), and an 
inner set of fibres situated between the apex of the cingulum (as here seen) and the 
projection formed by the anterior border of the central medullary substance of the 
temporo-sphenoidal lobe. This latter is the part of the cingulum into which the 
fibres from the internal capsule (described above) seem to end. This division, though, 
perhaps, not very marked at this point, becomes more so further down, 

In the next sections we get below the level of the occipital convolutions, and from 
this point downwards we have only to deal with the white matter of the descending 
temp$ r(> sphenoidal lobe. 
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Here all tlie fibres from tbe internal capsule make a sharp curve inwards, a lm ost 
at right angles to end m the temporo-sphenoidal lobe, and at the same time the 
conical projection of the cut across cingulum and the central medulla of this lobe 
have come together, the cingulum now merely forming a projection on the anterior 
part of the medullated substance. 

The fibres of the cingulum here assume more of an oblique direction, and come in 
contact with fibres from the most internal part (i e , nearest to the ventricle) of the 
posterior fibres of the internal capsule. From the apex of the projection of the 
cingulum there is a large number of fibres passing between it and the superficial 
fibres of the cornu Ammorns (external medullated layer) 

The cingulum now becomes less and less until it forms a small bulbar enlarge¬ 
ment at the posterior end of the alveus, and the direction of its fibres is now dis¬ 
tinctly forwards and inwards 

As we proceed downwards the cingulum fibres become more separated by the 
descending cornu of the lateral ventricle from the mass of fibres forming the 
medullary centre of the temporo-sphenoidal lobe At the same time the cingulum 
fibies make a rather thick plexus with the superficial fibres of the cornu Ammonis. 

We have now reached the horizontal level below the frontal lobes, the last vestige 
of which has now entirely disappeared 

The cingulum traced down to the level of the optic commissure maintains the 
same relation as before 

We have now followed the posterior extremity of the cingulum as far as the 
horizontal level of the optic chiasma It will now be necessary to revert to the 
anterior part of the cingulum, mention of which was made on p 148. 

In the section made at the horizontal level of the upper part of the corpus gemcu- 
latum externum (fig 34, Cmg a ), the cingulum is seen as cut-across fibres lying in 
the gyrus fornicatus, in front of, and in immediate contact with, the genu of the 
corpus callosum. It forms a narrow oblong tract, whose direction js forwards and 
outwards, parallel to the genu of the corpus callosum 

At its outer part some of its fibres seem to take an outward and forward direction 
into the frontal medullary centre, but this is not very definite This appearance 
prevails till the horizontal level of the anterior commissure is reached, where the 
genu of the corpus callosum is very faintly represented, and only at its outer part 
Below this level it is very difficult to make out the fibres of the cingulum, which 
seem to end here in a plexus 

Attention must here he called to a narrow bundle of fibres which appears to be a 
part of the corpus callosum, and which is situated m front of the genu of this body, 
and is first seen at the level where this part of the corpus callosum begins to dis¬ 
appear. Its fibres are horizontal, and pass to the region of the cingulum forwards 
and outwards from the septum lucidum, or from the grey matter on the inner side of 
the lateral ventricle below the level of the genu of the corpus callosum, This bundle, 
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■when seen m sectio ns below this level and that of the lateral ventricle, can be 
traced outwards and forwards to mingle with the fibres from the extreme anterior 
end of the corona radiata, and then appears to pass on with them to the lowest 
frontal region. 

Lower down st ill we reach a point where the fibres of the internal capsule have 
ceased, and this bundle of fibres still exists, and can be traced outwaids to form an 
angle with the lowest anterior fibres of the corona radiata 

When traced inwards at this level, it is found to end m the continuation of the 
septum lucidum below the lateral ventricle, for we have now reached a point which 
is inferior to the floor of the most anterior part of this cavity When examined at 
the level where the last vestige of the frontal lobe is seen, it foirns a very fine 
horizontal band of medullated fibres, bounding the anterior margin of the caudate 
nucleus 

Prom the consideration of the above description, it would seom that the point, 
where the last trace of the anteiior part of the cingulum can definitely be made out, 
is at the horizontal level of the middle of the anterior commissure, below which the 
characteristic appearance of the cut-across cingulum disappears, and its place is 
taken by a confused plexus, and partly by this bundle of fibres. 

It seems, howevei, probable that this horizontal bundle of fibres m fiont of the 
corpus callosum ends externally in the cingulum, and at the place where this latter 
becomes indistinct, these fibres become more developed. Subsequently they take the 
place of the cingulum, and as we have seen, couise outwards to mingle with the fibres 
from the corona radiata. They are certainly not part of the corpus callosum, as they 
do not pass to the opposite hemisphere, and the direction of the fibres is outwaids 
and forwards, while that of the corpus callosum is more directly outwards. It 
therefore seems more likely that these are the extreme anterior fibres of the cingulum. 

These are probably the fibres which can be seen in sagittal sections made nearest 
to the median line, as a layer of short horizontal fibres in front of the genu of the 
corpus callosum. 

The above conclusion is borne out by sagittal sections of the Monkey, in which the 
fibres of the cingulum can be traced m the gyrus fomicatus round to the front of the 
genu of the corpus callosum, from which they are quite distinct. At the most 
anterior inferior pait, the fibres of the cingulum have a direction downwards and 
backwards, and at right angles to those of the corpus callosum. They appear in short 
lengths, and are evidently proceeding in a plane which is oblique to that of the 
section, whereas the fibres of the cingulum in front of the point where the bend of the 
genu of the corpus callosum commences, have a direction almost vertically downwards, 
and consequently in horizontal sections these would appear as points, whilst the 
lowest fibres of the cingulum would be seen cut into short lengths. So here in the 
Marmoset the fibres of the cingulum m front of the genu of the corpus callosum 
appear m horizontal sections as points, whereas the fibres taking their place lower 
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down aie cut more obliquely. Whether these fibres are paifc of the cingulum or not, 
they seem to connect the septum lucidum with the anterior inferior part of the fiontal 
region 

It has been considered by some wiiters, notably Broca,* that the cingulum forms 
one of the roots of the olfactory nerve, and it has been likened to the frame of a 
racket, which, forming a loop m the gyrus formcatus and gyrus hippocampi, unites its 
two ends with the olfactory nerve, which thus forms the handle of the racket 

In the present sections the first appearance of the roots of the olfactory nerve is 
not seen till we reach the last vestige of the frontal lobe, which is a very considerable 
distance from the definite termination of the cingulum, which as we saw, was at the 
level of the anterior commissure There seems not sufficient evidence that the 
olfactory nerve can be traced to the part of the cingulum m front of the callosal genu, 
in horizontal sections 

On leferrmg to sagittal sections (p 146), it was shown that the termination of the 
descending posteuor part of the cingulum takes place m the cortex of the inferior 
suiface of the temporo-sphenoidal lobe, and that m the Marmoset the cingulum has 
not the connection with the olfactory nerve as described by Broca 

Having considered the cingulum m the sagittal and horizontal directions, I will 
continue with a description of it m the fiontal, and also m the frontal oblique directions 
Frontal Sections. — In making a frontal section (fig 39, Cmg h) at the level of the 
optic commissure through the brain of the Maimoset, the cingulum is seen as a comma 
or pear-shaped bundle of fibres with the concavity towards the middle line, and with 
its general axis directed downwards and outwards, presenting the distinct appeaiance 
of fibres cut transversely 

This bundle is situated at the lowest part of the internal angle of the centrum 
semi-ovale Above, it is bounded by the rest of the centrum ovale, below and inter¬ 
nally by the grey matter of the gyrus formcatus (G F), and on its most inferior part 
the tail of the comma passes outwards and downwards, and then inwards, where it 
rests on the upper surface of the corpus callosum 

The appearance of the transversely cut fibres is m marked contrast to those of the 
corpus callosum ((7(7), which sweep round its outer margin on their way to the 
cortex, and to the fibres from the internal capsule ( Cl), which pass upwards and 
inwards across the direction of the callosal fibres to end m the cortex In this plane 
no fibres can be definitely seen to pass out from the cingulum into the cortex Those 
fibres which do seem to come from the cingulum are really fibres from the corpus 
callosum or mternal capsule, which pass through the cingulum, but are not connected 
with it. 

As we pass from before backwards m these sections, the cingulum presents the same 
comma shape, but it gradually alters its position. The corpus callosum becomes 

* ‘ Revue d’Anthropologie,’ 1878, “ An at Comp des Circon volutions Cerebrates j” “ Recbercbes sur 
les Centres Olfactifs,” %b%d , 1879 
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broader, and at the same time the gyrus fornicatus increases in the transverse horizontal 
direction , this has the effect of pushing the tail of the comma-shaped cingulum further 
away from the median line, so that the principal axis of its cross section instead of being 
almost vertical as m fig* 39, becomes almost horizontal (fig 40, Cm<y. h) We therefore 
have the head of the comma forming the inferior median angle of the centrum semi- 
ovale, then passing almost horizontally outwards between the fibres of the corpus 
callosum above and the gyrus fornicatus below, and gradually tapeung into its tail, which 
winds round the convexity of the most external part of the gyrus fornicatus and then 
runs inwards for a short distance along the upper surface of the corpus callosum with 
which it is m close contact The most inferior end of the tail of the cingulum here 
comes into veiy close relation with a system of fibres which form the superficial fibres 
of the gyrus fornicatus (fig 40, Sf) These fibies are seen here as points along the 
inferior edge of a sulcus, wjnch is the continuation of the dentate or hippocampal sulcus 
forwards in the gyrus fornicatus The strip of cortex, which is separated from the 
rest of the gyrus fornicatus by this sulcus, rests on the upper surface of the corpus 
callosum, and at its outer part receives the tail of the comma-shaped cingulum, so that 
only the breadth of this strip of cortex intervenes between this part of the cingulum 
and the superficial fibres of the gyrus fornicatus. 

Whether there is any communication between those two sots of fibres cannot bo 
ascertained in frontal sections On comparing the shape of the cingulum in figs. 39 
and 40, the different appearances of the cingulum as seen in sagittal sections will be 
understood (see p. 144) 

In the next series of frontal sections beginning at the vertical level through the 
anterior part of the pons Varolii, and extending backwards to the vertical level of the 
posterior part of the optic thalamus and the posterior end of the corpus callosum, the 
cingulum is still seen as a comma-shaped body having the same relations as before, but 
with its chief axis becoming more horizontal, the large end of the comma being directed 
inwards and the tail outwards and downwards, and with the fibres composing it cut 
across transversely 

In the last section of this series, viz., that opposite the level of the hinder part of the 
optic thalamus, the direction of the chief axis of the cingulum is quite horizontal. In all 
these sections it has not been possible to trace any fibres either entering the cingulum 
from the gyrus fornicatus, or passing into or out of the cingulum from the centrum 
ovale 

On considering the relation of the fibres leaving the cingulum to pass into the 
centrum ovale, it will be remembered that m sagittal sections (p. 145) these fibres 
pass out from the cingulum in a plane running forwards and upwards. The explanation 
is, I think, clear, why we do not see them in the frontal direction, as they would 
necessarily be cut across obliquely. 

One of the most important points is that the cingulum, when traced forward to the 
vertical level of the optic chiasma and backwards to the vertical level of the hinder 
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part of the corpus callosum, does not vary m size, or, at any rate, does not become sm all er 
as we advance forwards This fact is very remarkable, as we see from sagittal sections 
that the cingulum continually gives off fibres upwards mto the centr um ovale along its 
whole horizontal couise m the gyrus foi meatus, and yet it does not dimmish in size 
The fibres of the cingulum do not seem to be more closely aggregated together m 
these posterior frontal sections than m the anterior It seems, therefore, reasonable 
to suppose that its fibres must be reinforced by continual additions, and it is suggested 
that these additions are received from the gyrus formcatus 

As the cingulum can be traced into the temporo-splienoidal lobe (m sagittal sections) 
we should expect to find it m tins region m frontal sections In looking at prepara¬ 
tions made m the frontal direction through the temporo-sphenoidal lobe, the cingulum 
is seen as a tract of cut-across fibres lying superior to, but m contact with, the central 
white matter of this lobe (fig 40, Cmg , p ), and it here forms a bulbous enlaigement 
Fine fibres can be seen passing across the grey matter between the cingulum and 
the superficial fibres of the gyrus hippocampi (the external medullated layer of the 
cornu Ammonis) This condition is maintained as we pass backwards until we reach 
the region behind the level of the pons and medulla. 

Another series of sections were taken through the light half of a Marmoset’s brain, 
which was cut m a fronto-oblique plane, beginning in front through the most 
anterior part of the pons Varoln, and extending backwards to the middle of that part 
and the posterior extremity of the lenticular nucleus 

In these sections the cingulum appears as a comma-shaped collection of transversely- 
cut fibres situated at the extreme inner and inferior angle of the centrum semi- 
ovale 

A few fine fibres issue from the upper part of the cingulum mto the gyrus 
formcatus, but they seem to be passing through the former from the centrum ovale on 
their way to the cortex, and do not actually take their origin from the cingulum 
In these sections the cingulum keeps the same size, and does not vary as we pass 
either m an anterior or posterior direction 

In a further fronto-oblique section, which was taken at the level through the 
posterior part of the corpus callosum above and the fourth ventricle below, the 
cingulum is seen in the gyrus formcatus, having a similar appearance to that already 
described m the other fronto-oblique sections 

In the te m poro-sphenoidal lobe, the cingulum (the third or posterior part) can be 
distinguished as a pyramidal-shaped collection of fibres, lying above and m contact 
with the central white matter of this lobe The cingulum is here so involved with 
the fibres of the alveus (the prolongation of the fimbria from the fornix) that it is 
difficult to separate them (see sagittal sections, p 147). 

In the next sections (fig 42, 43, right) made through the most posterior part of 
the corpus callosum and the corpora quadngemma, the cingulum fibres (fig 43, right 
Cing ., p.) are seen as part of a projection of white matter upwards into the gyrus 

x 2 
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hippocampi, which is separated off on the inner side from the projection of the 
central white matter of the temporo-sphenoidal lobe, by a fissure which here seems to 
spring from the hippocampal or dentate sulcus (H S ), this is the commencement of 
that most impoitant fissure, the calcarine (F’ C ) We have, therefore, the white matter 
here forming a U-shaped collection of fibres round the calcarine fissure .The limb of 
the U containing the cingulum is external, and superior to the calcarine fissure, and 
is composed of two parts, the inner part nearer the middle line is formed by the 
calcarine fibres (fig 43, right, Of ), whilst the outer part, which bounds mferiorly the 
cornu Ammoms, shows fibies cut across and is the cingulum (fig. 43, right, Cing. } p.) 

It will now be advisable to explain more minutely the relation of the calcarine 
fibres to those of the cingulum At first it might appear as if the cingulum extended 
from the inner lip of the calcarine fissure round to the outer lip and so up the isthmus 
of the gyius formcatus, hut on examining sagittal sections (figs. 10 and 11), and 
horizontal sections (figs 35, 36) it is seen that the cingulum never becomes inferior 
or posterior to the calcarine fissure Further, it will be remembered that the sections 
(figs. 41-45) which we are now examining, aie not frontal but fronto-oblique. Con¬ 
sequently, a section made at this level would pass infenorly through the occipital 
lobe—this is shown by the fact that we have now leached the point where the 
calcarine fissure appears in sagittal sections to pass backwards from the dentate 
sulcus—and would therefore cut through the cingulum somewhere in the upper part 
of the gyrus hippocampi, or m the isthmus of the gyrus fornicatus (fig. 10, near $•/.’). 
We have heie, therefore, the calcarine fissure becoming more marked as we proceed 
backwards, whilst the dentate sulcus diminishes and finally disappears. Passing there¬ 
fore round the bottom of the calcarine fissure there is this U-shaped sot of fibres, viz., 
the calcarine (fig 41-45, Of) 

At the bottom of the U, and extending upwards along its outor limb, the cingulum 
is seen (fig. 43, right, Cmg, , p) as a conical collection of fibres projecting upwards 
into the gyrus hippocampi and helping to form the outer limb of the U-shaped 
calcarine fibres It is particularly to be noticed that the cingulum is represented by 
these conical fibres only, the rest of the U being calcarine. This appearance was 
referred to in horizontal sections, where the separation between the calcarine and 
cingulum fibres can be better understood (p 150). 

The direction of the fibres composing this outer limb is also different, the calcarine 
fibres having a course downwards and inwards to reach the bottom of the U, whereas 
those of the cingulum are irregularly cut across 

An important change has now taken place (fig, 42, left) between the relation of 
the gyrus hippocampi to the gyrus fornicatus, this latter has gradually become 
prolonged downwards along the median face of the hemisphere, and it finally reaches 
the gyrus hippocampi and joins it, forming the isthmus of the gyrus fornicatus. 

The hippocampal or dentate sulcus now changes its direction, the inner end becoming 
the superior, so as- to be parallel with and external to the gyrus fo rni catus. We have, 
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therefore, the gyrus fornicatus and gyrus hippocampi foiming a continuous convo¬ 
lution, having the projection of the cingulum at its lower part, and separated on its 
outer surface from the fasoia dentata by the hippocampal or dentate sulcus (cf ficr 44, 
left, FI. S) 

The change m the position of the dentate sulcus will be more easily understood if 
we look upon the junction of the gyrus hippocampi and gyrus fornicatus as a growing 
upwards of the former to join the latter. 

On fig 45, right side, the two convolutions aie still separated and the calcarine 
fissure (CF) is seen to be formed by two lips, an upper and a lower, containing a 
U -shaped collection of fibres , the upper one is bounded above by the hippocampal or 
dentate sulcus (H S ), which proceeds from the free median edge of the gyius hippocampi 
into the substance of this structure If now this upper lip were to be prolonged 
upwards till it joined the gyrus fornicatus (G F) the hippocampal sulcus would have 
its inner end carried upwards, and its direction would be changed from being almost 
horizontal ( FI.S m fig 45, right) to one paiallel to the isthmus of the gyius fornicatus, 
where it would bound this structure on its outer side separating it from the fascia 
dentata (IF.S. m fig 44, left). 

As we proceed more posteriorly the cingulum comes into relation with the forceps 
major (fig 41, left, F.M ), which here extends to the floor of the descending ventricular 
cornu and bounds the cingulum on its outer side , at the same time the U-shaped 
tract of the calcarine fibres becomes larger as the calcarine fissure increases m depth 
Its fibres have now the following direction when traced fiom the tip of the inner 
limb of the U they are here connected with the coitex and have a direction down 
and out parallel to the limb of the U, but on reaching the outer horn they have a 
direction outwards and upwards. 

In the next sectious (figs 42-44, left) where the gyri hippocampi and fornicatus 
have joined, the U-shaped tiact increases m size and its outer and upper horn is 
prolonged up the isthmus of the gyrus fornicatus, carrying the cingulum (Cmg p , 
fig 44, left) up with it, while at the same time the fibres of the forceps major 
diminish in size and finally disappear from this part 

Up to this point (fig 45, left) there has been no alteration m the fibres of the hori¬ 
zontal cingulum ( Cmg ., h ), situated in the gyrus fornicatus on the under surface of the 
centrum ovale These fibres have been already descubed m fxontal sections further 
forward, as having the shape of a comma and presenting transversely cut fibres 

In more posterior sections they begin to have a direction downwards mto the 
gyrus fornicatus, fc.e., towards the centre of the circle of which the comma is an arc 
By this time the posterior cingulum has advanced up the isthmus of the gyrus forni¬ 
catus and m the next section its fibres join the comma-shaped fibres of the hori¬ 
zontal cingulum above, so that eventually we have the whole of the concave part of 
the “ comma 55 completely filled up by the fibres of the cingulum which have been 
traced up the gyrus fornicatus We thus get instead of the comma/ 5 a collection 
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of fibres shaped like a bulb (see sagittal and horizontal sections), of which the stalk 
is formed by these fibres from the isthmus of the gyms fornicatns 

We have therefore traced the posterior part of the cingulum up tlnough the 
isthmus to the posterior extremity of its horizontal part on the mnei and under 
side of the centrum ovale, wheie it forms the bulbous enlargement which was also 
seen m the sagittal and honzontal planes 

The question as to how many of these fibres, which are seen in the gyrus fornicatus 
below the bulbous enlargement, belong to the cingulum and how many to the 
calcarine fibres, it is difficult if not impossible to answer. A glance at a sagittal 
section m which the cingulum is seen through the whole of its posterior part (fig II, 
Gmg. p ) will show that a fronto-oblique section, sloping as it does downwards and 
backwards, through the upper end of the cingulum would include only a small portion 
of its cross-section and the rest of the fibres in the gyms fornicatus, and the cortex 
forming the upper lip of the calcarine fissure would be calcarine fibres, it seems 
probable therefore that only the fibres immediately below the bulb belong to tire 
cingulum, tbe rest being part of the calcarine fibres winch here have the following 
arrangements 

Starting below m the white matter of the occipital convolution below the calcarine 
fissure, the fibres spring apparently from its cortex and pass horizontally outwards 
along the direction of the tract to the part forming the bottom of the calcarine fissure, 
where they appear in shoit lengths, The fibres directly external to the bottom of 
the calcarine fissure are cut obliquely and their precise direction cannot he ascertained, 
but it appeals to be outwards and upwards, across the direction of the tract. 

The fibres issuing from the bulb of the cingulum downwards, and which probably 
belong to the cingulum, have a straight course for a short distance, tapering as they 
proceed, but whether they end in the cortex of the isthmus of the gyrus fornicatus 
cannot be definitely ascertained. These fibres, when traced to the periphery of the 
bulb, end abruptly and probably run forward. 

This bulbous enlargement is bounded on the outer side by the corpus callosum, 
above by the centrum ovale, and on its inner side by the cortex of the gyrus forni- 
catus. 

In the next sections the bulbous enlargement has disappeared, as we are now 
posterior to it, and in its place we find that the fibres which are soon in the upper 
part of the superior calcarine lip pass upwards along the inner side of the centrum 
ovale, and instead of ending abruptly they pass on and turn upwards into it. In 
further posterior sections there are two layers of these fibres, an inner which is 
directed towards the highest point of the centrum ovale, and an outer next to the 
corpus callosum, which winds round the upper end of this structure into the centrum 
ovale on the outer side of the posterior ventricular cornu. It is considered that, as 
this appearance is continued with slight modifications in the rest of these sections 
which reach for some distance into the occipital legion, these fibres cannot be part of 
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tlie cingulum which, as we saw in sagittal sections, does not extend into the occipital 
region, but form part of the calcarine system of fibres 

Whether these fibres arise at their lower end from the coitex forming the superior 
calcarine convolution (or upper lip of the calcarine fissure) is not certain, but they 
appear to do so. 

We thus have a system of fihies which can apparently be traced (the system, not 
the individual fibres) from the tip of the central white matter m the temporo- 
sphenoidal lobe round the convolution bounding the bottom of the calcarine fissure, 
and up the superior limb of this convolution to its continuation on the median surface 
of the hemisphere. There it winds round the inner side of the lateral ventricle and 
the corpus callosum, and turns upwaids and outwards into the white matter of the 
hemisphere, the centrum ovale 

Summary —Having followed the fibres of the cingulum m consecutive sections in 
the different planes, it will now be advisable to try and combine the different 
appearances seen. 

To facilitate the description of the cingulum it will be, as before, divided into three 
parts — 

1st The horizontal, lymg above the corpus callosum. 

2nd. The anterior, extending m front of the corpus callosum 

3rd. The posterior, extending from behind the splenium of the corpus callosum to 
the anterior part of the temporo-sphenoidal lobe 

1st. The horizontal. The horizontal part extends from the isthmus of the gyrus 
formcatus behind to the anterior part of the corpus callosum in front On transverse 
section it has the form of a comma, with its concavity towards the middle line and 
towards the gyrus formcatus On its outer side is the centrum ovale and the corpus 
callosum, along which its tail extends to the under surface of the gyrus fornicatus. 
Its fibres rise posteriorly from the cortex of the isthmus of the gyrus fornicatus 
(sagittal sections) They then pass upwards and forwards from behind the splenium 
of the corpus callosum, and turn upwards and outwards into the centrum ovale 
Along the whole of this horizontal part fibres are being continually given off into the 
centrum ovale, into which they can be traced through half of its vertical depth The 
most anterior of these are nearer to the middle line than the posterior 

The cingulum m this part, therefore, consists of a series of fibres having a direction 
forwards and upwards, and which run for a short distance only along the cingulum 
There is no doubt that the anterior end of each individual fibre passes into the 
centrum ovale With regard to their posterior ends the origin is not so clear, as, 
with the exception of the isthmus, no definite connection can be made out between 
the under or inner surface of the cingulum and the cortex of the gyrus fornicatus 

At the anterior part the (horizontal sections) cingulum sends fibres outwards, and 
also some round the genu of the corpus callosum to the centrum ovale. 

2nd. Tfce anterior part of the cingulum m front and below the genu of the corpus 
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callosum appears m sagittal sections to consist of fibres which, arising from the most 
anterior part of the centrum ovale, pass downwards and backwards and thence into 
the internal root of the olfactory nerve The direction of the fibres is here m the 
opposite direction to what it is m the horizontal pari, if the cingulum were extended, 
so to say, m a straight line , though these fibres are described as pat t of the cingulum, 
it must be re m embered that in horizontal sections the direct continuity of the fibres 
could not be traced lower than the level of the anterior commissure. It is therefore 
doubtful whether this part really belongs to the cingulum system 

3rd The posterior part of the cingulum extends from behind the splemum of the 
corpus callosum to the anterior part of the temporo-sphenoidal lobe. 

The tract of fibres as it descends in the isthmus of the gyrus fornicatus becomes 
further removed from the middle line, and gradually gets behind the hippocampus 
major, where it becomes flattened m the horizontal transverse direction. Lower down 
its transveise section ap*pears more round, and as it becomes horizontal in the 
temporo-sphenoidal lobe its section is moie tnangular, with the apex upwards. 

At first its fibres come into close relation with the calcarine fibres, from which they 
are not easily separated (see p 162) These calcarine fibres lie behind those of the 
cingulum as fa.r down as the level of the inferior surface of the occipital lobo. 

The cingulum, in passing into the gyrus hippocampi behind the cornu Ammonis, still 
keeps posterior and internal to the forceps major (horizontal sections, fig. 37), and at 
the level below the calcarine fissure the most external fibros of the cingulum are 
traversed by the latter on their way to the cortex bolow the calcarine fissure (sagittal 
sections) 

The relation of the cingulum at this level (i e., just below the horizontal level of the 
calcarine fissure) to the neighbouring grey cortex is not very definite, as no con¬ 
nection can be traced either into the gyrus hippocampi in front of it, or to the cortex 
below the calcarine fissure behind it (sagittal) In the temporo-sphenoidal lobe the 
cingulum runs downwards and forwards in the gyrus hippocampi. Its constituent 
fibres run obliquely downwards ; they receive offsets from the superficial fibres of the 
gyms hippocampi on their upper suiface, and they end in the cortex on the inferior 
surface of the temporo-sphenoidal lobe. It is to be remarked that, whilst the fibres 
which can be traced from the part of the cingulum which is at a level superior to the 
calcarine fissure, end in the cortex of the inferior part of the temporo-sphenoidal lobe, 
that part which receives offsets from the superficial fibres ends in the cortex at a point 
further forwards. Further, the superficial fibres from the most anterior part of the 
cornu Aramoms (see fig 11) run forwards in the most anterior part of the cingulum, 
where it forms a leash of fibres, which end in the cortex of the under surface of the 
tip of the temporo-sphenoidal lobe, it is quite certain that none of these fibres turn 
upwards to end in the nucleus amygdalae, and they certainly do not go towards 
the locus anterior perforatus. 

The cingulum here consists of layers of short fibres, having a direction downwards 
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and forwards, coursing between the cortex of the gyrus hippocampi and that of the 
temporo-sphenoidal lobe. 

The arrangement is somewhat similar to what was seen m the horizontal part of 
the cingulum, with this difference that, whereas m the latter the individual fibres 
lan forwards and upwards, here they run forwards and downwards It therefore 
seems probable that m both cases they form a connecting system between the gyius 
fornicatus and the gyrus hippocampi on the one hand and the centrum ovale ( ? cortex 
on external surface) and the cortex of the tempoio-sphenoidal lobe on the other 

Similarly to what was seen m the horizontal part of the cingulum, its transverse 
diameter does not vary much throughout its extent in this pait, but owmg to the 
difficulty of separating it from the calcarine fibres, this point is not ceitaim 

In reference to the functions of the cingulum and the arrangement of its fibres, 
I have in one case tried to cause degeneration m its fibres 

To produce this, I asked Professor Horsley to perform the operation in a Monkey 
(.Macacus swncus ) of dividing the cingulum m its horizontal course thiough the gyrus 
fornicatus The operation was done under an anaesthetic, and with strict antiseptic 
precautions, by means of a blunt hook mtroduced along the median suiface of the 
left hemisphere after gently drawing it away from the middle line The place chosen 
was at the junction of the quadrate lobule with the horizontal part of the gyrus 
fornicatus, and therefore just below the angle which the calloso-margmal sulcus makes 
when it changes its direction from downwaids and forwards to horizontally forwards 
The animal lived for two months after the operation, and on examining the brain it 
was found that at the median surface the cut extended through the whole width of 
the gyrus fornicatus, but in sections made external to the median line, although the 
whole extent of the convolution was not cut through, the fibres of the cmgulum weie 
completely severed. After hardening the brain, serial sections were made m the 
sagittal direction, beginning from the median line and passing outwards to the 
vertical level of the outer part of the head of the caudate nucleus Aftei staining 
the sections with Pal’s method, on examining the cingulum m front of, and behind 
the cut, the following appearances are seen —The gap left by the operation is filled 
up near the middle line by a slight amount of cicatricial tissue, hut there is no 
evidence of any inflammation, showing that the wound’ had healed by first inten¬ 
tion In front of the cut the fibres of the cingulum end abruptly at their posterior 
ends, and although there is the appearance of injury to the ends of the fibres, no 
degeneration can be traced along their continuity forwaids, there is no change m 
the staining of the myeline sheath 

Posterior to the cut, the fibies of the cingulum can be traced forwaids to where 
they have been cut across Degeneration is seen to have taken place at the margin 
of the cut, and on tracing these fibres backwaids they are found to be slightly 
degenerated for a considerable distance backwards, but whether the change m each 
fibi e extends through the whole length of its course cannot be made out. There is, 

mdoccxoi — b Y 
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however, a marked difference between the fibres at the inferior part (i e , that next 
to the corpus callosum) of the cingulum, and those more supcnor (ie, nearer to the 
calloso-marginal sulcus), these latter were not cut acioss, as they turned upwaicls 
before reaching the seat of opeiation, and consequently they are not degenerated, 
and their individual fibres can be made out very well, but in the former, under a 
high power (F, Zeiss), there is a considerable amount of degeneration, which extends 
some way backwards 

From this one experiment it would appear that the cingulum, when cut across, does 
not degenerate forwards, but any change takes place m a posterior direction Further 
that it is not possible even after cutting the cingulum completely acioss to produce 
degeneration m all its fibres This is m harmony with the airangcment of the fibres 
as seen m sagittal sections of the Marmoset, and confiiras the opinion there expressed 
that the cingulum does not contain fibies running through its whole length, but is 
made up of relays of fibres which are continually leaving it 

It should be stated that after the operation no change could be detected In the 
animal opexated on, there was no patalysis and no evidence of any loss of sensation, 
though it was caiefully tested 

On comparing this descnption of the cingulum with the account given by various 
authors on human anatomy, it would seem that, although communication# have been 
traced along the annectent gyii from the cingulum to other convolutions, they :ue 
described by Foville and Htjguenin (p. 142) as fibrin am form to and resemble the 
fibrm proprim of other parts In the Marmoset, on the other hand, the fibres of the 
cingulum have a definite dnection ; they are quite distinct from the superficial fibrro 
proprise, and with the exception of the calcarine fibres, they have an arrangement 
special to themselves they end deeply m the centrum ovale, and are not part of the 
superficial connecting fibres of the cortex, 

The peculiar arrangement of the cingulum m the gyrus fornicatus is of especial 
interest, when considered with the fact found out by Professors Horsley and 
Scjhaeer,* that whereas the marginal convolution was oxcitable, no movement was 
produced when the gyius fornicatus was stimulated electrically, and moreover that 
loss of sensation on the opposite part of the body was produced in Monkeys when 
parts of this convolution were removed, thus showing that it was associated with the 
function of sensation It is here suggested that in the Marmoset the cingulum may 
form internuncial fibres between the gyrus fornicatus — the sensory part of the 
cortex — and the part of the centrum ovale in connection with the so-called motor 
cortex 

Oalcarine Fibres .—In describing the cingulum frequent allusion has been made to 
a system of fibres which I have called calcarine, from the fact that they are found m 
that part of the cortex which is involuted to form the calcarine fissure* 

In all the different planes (especially sagittal mid horizontal) great difficulty was 

* ‘Phil, Trans.’ B,, rol. 179 (1888). 
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found (figs 5, 22, 23, 6 mg p , Of) at the junction of its horizontal and posterior parts 
to find the limit of the cingulum m the postenor direction It was seen to be merged 
into a set of fibres which could be tiaced into the occipital region along the most 
superficial part of the white matter m the cortex bounding the calcarine fissure It 
was not till sections were made m the fronto-obhque direction that the relation of 
these fibres became more evident It was then seen that postenor to the vertical 
level of the horizontal part of the cingulum there was a U-shaped layer of fibies 
(figs 41-45, Of) m the occipital region, maintaining an analogous position to that of 
the cingulum further forwards In moie posterior sections the dnection of these 
fibres at the superior part was from the cortex forming the upper lip of the calcarine 
fissure upwards, forwards, and outwards round the inner side of the tapetum into 
the centrum ovale, the fibres bounding the lowest part of the calcarine fissure had 
a direction m horizontal sections (fig 38) backwards and outwards from the cortex 
of the inferior lip of the calcarine fissure, while those in the inferior lip of the 
calcarine passed from the calcarine cortex downwards and outwards (fig 44, left) In 
figs 1, 2, all the occipital fibres are calcarine, with a direction forwards and upwards 
It is therefore probable that these calcarine fibies form a connecting system 
between the cortex bounding the calcarine fissure and the centrum ovale Moreovei 
the fibres stain (with Weigert’s method) a tint similar to that of the cingulum , it is 
therefore probable that the two systems are analogous, i e , association—or collateial— 
fibres which connect the centrum ovale with the gyrus fornicatus and the cortex 
bounding the calcanne fissure, respectively, for like the cingulum the calcarine fibres 
appear as relays, and no one fibre can be traced from the tip of the inferior lip 
contmously through the whole tract to the centrum ovale Anothei remarkable point 
is the manner m which the calcarine fibres hedge off their cortex from surrounding 
parts, apparently even from the corpus callosum (see p 180) 

Superficial Fibres of the Gyrus Fornicatus —In the description of the cingulum 
frequent reference has been made to the superficial fibres of the gyius fornicatus It 
is not here intended to follow out the whole couise of these fibres, but it will be 
advisable to refer to them as they come into relation with the cingulum 

These fibres are seen having an antero-posterior direction at the most inferior part 
of the gyrus fornicatus (fig. 4, Sf) m sagittal a,nd Also in frontal sections (fig. 40, Sf), 
and m the latter plane they appear to come into very close relation with the cinguJum 
It has been already stated (p 140) that in the Marmoset the dentate or hippocampal 
sulcus is prolonged from the gyrus hippocampi along the horizontal part of the gyrus 
fornicatus, and can be traced as far as the frontal level of fig 39, and probably m 
front of this point In frontal sections (fig 40) this prolongation of the dentate 
sulcus is seen passing outwards from the median line into the gyrus fornicatus, and 
cutting off a very narrow strip of grey matter (mdusium gnseum) next to the superior 
surface of the corpus callosum. It is m the outer part of this strip, where it is 
attached to the rest of the gyrus fornicatus and along the edge of the dentate sulcus, 
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that these supeificial fibres are seen, haying a horizontal anteio-posterior direction, 
but though they come into close contact with the tail of the comma-shaped cingulum, 
they are separated by a strip of cortex, and no fibres can be here seen to pass between 
them When traced backwards along the edge of the gyrus fornicatus these fibres pass 
to the isthmus, always keeping along the edge of the dentate sulcus, which now separates 
the fascia dentata fiom the commencing gyrus hippocampi (figs 5, 29, Sf). The fibres 
m the isthmus have an antei o-posterior direction parallel to the free cut surface of 
the gjrus fornicatus (fig 5), and fibres radiate towards them from the bulb-shaped 
posterior end of the horizontal cingulum, but it is uncertain whether they join. 
The superficial fibres then descend to the edge of the gyms hippocampi winch forms 
the postenoi mfenor lip of the hipjiocampal sulcus (figs 10, 35, 38, Sf., II,S ), they 
keep parallel to the cingulum, and just m front of it. They descend to the lower end 
of the gyrus hippocampi where they end m a plexus Along this part of their com so, 
offsets are given downwards and forwards to the cingulum, the main part of which 
they form at its inferior end (figs 11, 12, Sf) It will be observed that these 
fibres now form what is known m the cornu Ammoms as the external mcdullated 
layer, Kernblatt, oi lamina medullaris involuta When they are traced upwards in 
sagittal sections (fig 11 , Sf), they end m a fine plexus at the upper end of the gyrus 
hippocampi, where they come into contact with the protoplasmic piocesses of the large 
cells of the pyramidal cell layer of that gyrus 

The supeificial fibres of the gyrus fornicatus have boon described by Schwalbe # 
and other authors cas part of the cingulum, but whether this is correct or not, they 
certainly have a course which is distinct from tins structure, while it is only in the 
gyrus hippocampi that a connection between the two sets of fibres can definitely he 
made out. 

In connection with this matter it is interesting to note the manner m which the 
cornu Antmonis or hippocampus major is formed. In horizontal sections (fig. 16, FD , 
Cmg p ) the fascia dentata is slightly seen on the anterior edge of the dentate 
sulcus and on its posterior edge a faint line shows the superficial fibres, while the 
cingulum is seen behind and outside the sulcus If now we imagine the superficial 
fibres to be pushed, so to say, outwards together with the dentate sulcus into the 
substance of the gyrus hippocampi, and at the same time the cingulum to extend 
inwards into the outer surface of this gyrus until the two sets of fibres overlap each 
other, the cmguluin being the posterior, we get the appearance of the cornu Ammonis 
gradually produced, as seen m figs 23-34, and more marked still in figs. 35-38 (IIS., 
Sf , and Cmg p ), and thus the sigmoid form is brought about by the gradual 
extension of the superficial fibres and the cingulum in opposite directions into the 
gyrus hippocampi 

Having finished the account of the cingulum, the posterior part of the corpus 
callosum will now be described. 


* ItQC. cit. 
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Posterior Part of the Corpus Callosum 

Previous Descriptions —According to Quain’s f Anatomy’ (9tTi edit), vol 2, 
p 344, “ From the posterior end, or splenmm, of the corpus callosum they (the fibres) 
arch round the posterior and inferior cornua of the lateral ventncle, forming the 
tipper and outer wall of those parts of the cavity, into the temporo-sphenoidal and 
the lower part of the occipital lobes Lastly, from the under part of the splemum 
fibres pass with a bold sweep (forceps major) into the posterior and superior parts of 
the occipital lobes ” 

The forceps major is further on (p 346) described as forming a longitudinal 
eminence (bulb of the posterior cornu) on the mnei wall of the posterior cornu of the 
lateral ventricle, where the fibies of the forceps major curve round from the splenium 
of the corpus callosum to enter the occipital lobe 

Schwalbe # states that the hinder part of the body of tfie corpus callosum and its 
splemum are destined for the temporal and occipital convolutions “ The fibres from 
the posterior part of the body run laterally and mferiorly m an arch, convex outwards, 
and course in the upper lateral wall of the posterior and inferior horns of the lateral 
ventucle as a thin layer of white matter, being only covered over by the ependyma, 
and called the tapetum This structure contams the callosal fibres for the tempoial 
and the inferior pait of the occipital convolutions The swelling formed on the under 
surface of the callosal body by the rolling under of the fibres—the splenium proper— 
sends its fibres to the posterior and upper part of the occipital convolutions m such a 
way that the latter are supplied by the callosal fibres coming from the angle formed 
by the splemum with the body, while the posterior part of the occipital gets its 
callosal fibres from the splenium itself . The anangement on each side of these 
concavely-shaped tracts from the splemum foims what is known as the forceps major 
posterior It will be seen that, as the splemum is attached directly to the corpus 
callosum so the forceps major is in immediate contact with the tapetum, and repre¬ 
sents the portion of the tapetum which is rolled up towards the middle line 

According to HENLE,t “ the fibres from the splenium which bend round into the 
posterior extremities of the hemispheres are called by Beil ‘the forceps ; the fibies 
radiating out of the body of the corpus callosum form the tapetum.” . “ The outer 
wall (loc . at , p 147) (of the lateral ventricle) which is concentric with the surface of 
the hemisphere, and forms the upper and lateral boundary of this cavity, is identical 
with the tapetum, it begins at the posterior edge of the thalamus, with a concave 
base corresponding to the height of the outer wall, and gradually diminishes from 
before backwards, till finally it ends as a fine point” " The median wall {loc at 

p 148) of the posterior horn is foimed by ‘the forceps,’ this forms a longitudinal 
fold or projection into the cavity of the posterior cornu, and is called bulbus cornu 

* ‘ LekrbucL der Neurologie,’ p 494 1881 

t ‘ Handbncli der Anatomic des Menschen,’ p 146 1868 
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posteiioris, and becomes deeper from before backwards, and, as the floor narrows, we 
finally have only a semilunar-shaped fun ow m the tip of the occipital lobe ” 

Obejrsteiner* states “that it is probable that the corpus callosum sends fibres to 
the whole surface of the cerebrum, with the exception of the mfeiior and anterior 
parts of the temporo-sphenoidal lobes and the olfactory regions (tractus olfactorius).”. 

“ From the splenmm coipus callosi a laige white mass of fibres, the forceps posterior, 
run backwards to tbe posterioi part of the central hemispheres, having their convexity 
towards the middle lme Tbe thick tracts of white fibies winch are given off ftom 
the posterior part of the body of the corpus callosum are directed for the most part 
downwards, and form the lateral wall of the posterior and inferior paits of the lateral 
ventricles ” 

Sagittal Sections —Before proceeding to the desenption of the posterior part of the 
corpus callosum, it should heie be lemaiked that there seems some difference of 
opinion among the authorities as to the definition of the word “ splenmm.” According 
to Qua IN, t the -whole of the posteiioi end of the corpus callosum is called the 
splenmm, whilst the part which is rolled under, called the ec bourrelet ” or pad, is 
termed the under part of the splenmm. 

On the other hand, Schwalbe f describes the rolling under of the posterior part of 
the corpus callosum as the splenmm He qualifies this on the next page by stating 
that the splenium proper is the swelling rolled round towards the front on the inferior 
surface of the corpus callosum 

Henle§ again makes a difference between tho splonimn, which gives off the 
fibres known as tbe forceps, and the posterior part of tho body of the corpus 
callosum, which gives rise to the radiating fibres forming the tapetum. 

The corpus callosum will be here described as consisting of three parts, tho 
postei ior part of the body, which gives rise to the tapetum; the splenium proper , or 
the part rolled under the former, from which springs the forceps major posterior ; and 
an intermediate part , connecting the splenium proper to the body of the corpus 
callosum. 

Sagittal sections —-The corpus callosum presents at the median line a thickened 
posterioi end \ on the under surface of this there is ail oval collection of fibres having 
the smaller end forwards this oval is the splenium proper, and it is separated off 
from the rest of the corpus callosum by a septum into which the median fibres of 
tbe fornix can be seen to pass (see p. 182). The direction of the callosal fibres is 
transverse to the plane of the section. 

The corpus callosum and its splenium are so fitted together that the whole presents 
at the median lme a uniform contour. 

Loo. tit., p. 845. 
f Loo. cit., p 344. 

X Loo. oil, p. 498. 

§ Log . at., p. 146, 
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Id. succeeding sections, on examining the posterior pait of the corpus callosum, it 
(fig 1 , C C.) consists of a rounded thickened end, and attached to its lower part is 
the oval collection of fibres of the splenmm proper, which is sepaiated off from the 
mam pait of the corpus callosum by a septum, which appeals m fig 1 as a slight 
mteival, and into this septum the fibres of the median part of the fornix still enter 
(F.m , see p 182) In the next sections this septum passes upwards into the 
substance of the coipus callosum, and detaches its most posterior end fiom its mam 
part, leaving them m connection only at their upper parts 

We have here, therefore, the posterior end of the corpus callosum presenting three 
different parts, viz, the posterior part of the body (fig 4, G C) ; below this, and 
separated by a septum, is the splenium proper (spl ), and joining the splemum proper 
to the mam part of the corpus callosum are the fibres ( spl '), which, attached to the 
posterior-superior part of the splemum below—a slight fibioas septum mteivenmg— 
and above to the posterior-superior angle of the mam part, form an intermediate 
portion between the corpus callosum and its splenium. It is to be observed that the 
median fibres of the fornix pass into the corpus callosum m front of this mteimediaiy 
part. In all these callosal fibres the direction is transverse to the plane of the 
section 

In more external sections the axis of this intermediary pait of the splemum, which 
heie appeared vertical, becomes more oblique, so as to slant backwards and upwards 
The posterior part of the body soon begins to send fibres backwards into the occipital 
region, which cut through the outer part of the cingulum, and m the next section 
this intermediate part of the corpus callosum becomes still more inclined backwards, 
and also sends fibres backwards into the occipital region, lying beneath those from 
the posterior part of the body 

The prolongations backwards from these two parts of the corpus callosum are so 
closely connected that it is difficult to separate them, and it is not till we arrive at 
a more external section that a distinct differentiation can be made out Here 
(fig 5, GO , Spl') the fibres from the intermediate connecting part of the corpus 
callosum can be seen arising rathei abi aptly between the splenium proper (Spl) 
and the body, and passing backwards and then upwards into the occipital region, 
where they form a leash of fibres distinct from the prolongation backwards from the 
posterior part of the corpus callosum, along whose under surface they course, they 
lie on the bulbous enlargement of the cingulum and the calcarine fibres (fig 5, Cing p, 
Cf), which separates them from the cortex forming the upper lip of the calcarine 
fissure The arrangement of these two parts of the callosal fibres is better explained 
m fronto-oblique sections (q.v ) 

In the next sectjon of the series (fig 6) these fibres from the intermediate part of 
the corpus callosum, are separated off from the mam body by the lateral ventricle, 
whose posterior cornu here begins to be foimed. Here, also, these fibres become very 
closely applied to the bulbous enlargement of the cingulum (see p. 146), so that they 
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are free on their upper surface towards the lateral ventricle, while mfenorly they are 
bounded by the cingulum and the calcarine fibies They can still be traced from 
between the splenium and the corpus callosum m front, where their fibres are arranged 
m short cut bundles, to the end of the posterior cornu of the lateral ventricle behind. 
Here the fibres have a distinctly horizontal antero-posteiior dnection, and do not 
present the short lengths seen more anteriorly. When traced postenorly they end 
between the fibres from the body of the coipus callosum and the calcarine fibres, and 
blend finally with the former In more external sections (figs 8 and 9), the postenor 
part of these fibres disappears, while the portion of them m front of the cingulum 
still exists. As will be seen further on, these fibres m front of the cingulum are 
the commencing forceps major from the splenium 

We must letum to the splenium, which was described as an oval structure below 
the body of the corpus callosum As we proceed further outwards the following 
changes occur (fig. 5), tne splenium (Spl) becomes more triangular and forms a 
wedge-shaped bundle of cut-acioss fibres with the apex downwards. It lies between 
the optic thalamus ( O.T ) m front, and the commencement of the fascia den tala 
(FD.) behind At its upper part it is separated from the mam body of the corpus 
callosum by the median fibres of the fornix. 

In the next section (fig 6) the shape of the splenium has become more wedge- 
shaped, and its fibres are arranged m distinct bundles. 

We have now (fig. 7) m the occipital region the following set of fibres from above 
downwards Beginning with the cortex of the outer superior surface of the occipital 
lobe we have, first, the sub-cortical plexus of fibres of the centrum ovale ; next, below 
them, the fibres coming from the posterior pait of the internal capsule (C R ), with 
probably some of the optic radiations of Gratiolet, which have a direction upwards 
and backwards, below them the fibres from the hinder part of the corpus callosum 
(C.C.), which are quite distinct, and are bounded in front by the caudate nucleus, 
while behind they end m a long narrow tail of fibres, which, diminishing as they 
extend backwards, can be traced to the posterior part of the occipital lobe (figs 9, 10, 
Tap.). The arrangement of the fibres is at first so irregular that no definite direction 
can be made out, but m the tail it is downwards and backwards, thus making a sharp 
angle with those from the internal capsule 

The posterior part of the corpus callosum has here a semi-pyriform shape, the large 
end being forwards and the smaller end of the pear being posterior, where it forms 
the long tail of fibres. It is hounded above by the corona radiata , in front by the 
caudate nucleus, and infenoily by the posterior cornu of the lateral ventricle, which 
here separates it from its splenium and from the calcarine fibres (fig. 10, C.f.). This 
prolongation of the corpus callosum backwards into the occipital lobe is what is 
known as "the tapetum, and its relations will be better understood by referring to the 
description of the corpus callosum in the horizontal direction At present it will 
suffice to note that there is no connection between these fibres of the corpus callosum 
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and those of the internal capsule, as has been stated by Professor Hamilton ( f Hoy 
Soc Proc ,’ February, 1884), m fact, the two sets of fibres are at an acute angle to 
each other 

We must now consider the relation of the splennirn to the posterior part of the 
corpus callosum. In fig 5 (Sj)l) the splenimn is of a triangular shape, and is, so to 
speak, wedged m between the optic thalamus m front and the fascia dentata behind 
At its anterior* and upper angle are the fibres of the formx, i e, the posterior 
descending crus {FI), which forms the taenia hippocampi. Here, therefoie, the 
splemum is m close pioximity to its mam body In the next section (fig 6), how¬ 
ever, the posterior part of the corpus callosum is seen to be separated from its 
splemum by a distinct space This space is the commencement of the posterior horn 
of the lateial ventricle, and is very well seen m fig 7 

The posterior part of the body of the corpus callosum is therefore above the lateral 
ventricle, whilst the splemum is below it, and, as will be more apparent m horizontal 
sections (p 175), the splenium supplies parts on the inner wall of the ventricle 

On examining the triangular collection of fibres of the splemum their anangement 
is not uniform. At the upper or thicker end of the wedge the fibies are transversely 
cut across and airangedm large bundles, loosely packed together, whereas, at the apex 
of the wedge, the fibres are much less stamed and are packed closer together. More¬ 
over, the latter receives the fibres of the fornix which eventually form the tsema 
hippocampi (see p L83) This arrangement into two sets of fibres is very impoitant, 
as the subsequent course will show 

As we proceed further outwards the fibres of the mam body of the corpus callosum 
do not alter much, except that the tapetum can be traced for a further distance into 
the occipital region 

The deeply stained fibres of the upper part of the wedge, which are evidently the 
fibres of the splemum, or, as they must now be called, the forceps major posterior, 
i e , the continuation of the splemum backwards and outwards, pass gradually back*" 
wards over the superior surface of the hippocampus major and become much thicker, 
so that m fig 11 there is the following anangement at the upper end of the hippo¬ 
campus major —In front we have the posterior pillar of the formx (Fp>) on its way 
to form the taenia hippocampi, and here stamed brown coloui (Weigert) ; above, 
the deeply stamed fibres of the forceps major {FM) arranged m large bundles, having 
an oblique direction downwards and backwards over the upper surface of the hippo¬ 
campus major, where they are separated from the tapetum {C C tap ) by part of the 
choroid plexus, here stamed yellowish-brown by Weigert’s method 

The forceps major of the corpus callosum maintains the same position at the upper 
end of this part of the hippocampus major until we reach fig 12, when its fibres, 
which have hitherto been transversely or obliquely cut across, alter their direction. 
The whole mass is continued m a thick bundle m a direction downwards and back¬ 
wards behind the upper end of the hippocampus major. These fibres, which are 
mdcccxci —b. z 
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deeply stained, cut right across the most external fibres of the cmguhim (see p 146) 
as they lie between the hippocampus major and the calcarine fibres When traced 
fmther some of these fibres of the forceps majoi seem to pass downwards behind 
the hippocampus majoi along with the descending fibres of the cingulum, but the 
majority of them course downwards and then turn sharply backwaids into the white 
substance of the occipital lobe which is below the calcarine fissure, tapering as they 
proceed backwaids The course of these fibres is veiy decided, as they cut through 
the outer pait of the descending cingulum, and they aie best seen m fig 12 ( F.M ) 
where they form a very broad mass. Their ultimate ending cannot be definitely 
ascertained, but their direction is towards the cortex of the inferior and median paits 
of the occipital lobe below the calcarine fissure, a part which does not, us far as I have 
been able to ascertain, receive any fibres from the tapetum or from the mam body of 
the corpus callosum, they certainly do not go towards the calcarine cortex 

At this level (fig 12) the tapetum can be tlaced buckwaid to the most postenoi 
part of the occipital lobe, where its fibres have a direction downwards and backwards. 

In the next section the fibies of the forceps major have almost entirely disappeared, 
while, at the same time, the tapetum becomes enlarged We liave now reached a 
point which is external to the grey matter at the bottom of the calcarine fissure, and 
where the tapetum fills up the place occupied by this giey matter and by the fotceps 
major There is, therefore, the following arrangement. The corpus callosum at this 
level is represented by a considerable mass of fibres of an irregular quadrilateral 
shape, which is bounded above and below by the horizontal fibres of the corona 
radiata (posterior part). In front it is in contact with the postenor part of the 
caudate nucleus, as it is turning downwards and forwards ; behind it is a space, 
probably the posterior cornu of the lateral ventricle, corresponding to the position of 
the grey matter at the bottom of the calcarine fissure , in front and below, the anterioi 
margin of the corpus callosum forms the postenor wall of the lateral ventncle, which 
here separates it from the upper end of the hippocampus major. A prolongation of the 
corpus callosum is sent downwards and forwards behind the hippocampus major, but 
separated from it by the lateral ventncle, the direction of the fibres being downwards. 
The lateral ventricle is therefore an important landmatk m this region, m distinguishing 
the corpus callosum from its forceps major. The position of the forceps major m relation 
to the lateral ventricle is always on its internal and inferior wall, while the tapetum is 
on the external and superior, according as the section is horizontal or sagittal. At 
the present level we can tell that the part of the corpus callosum now visible belongs 
to the mam body fiom the fact that it is superior to the lateral ventricle, On the 
posterior and superior edge of the gyrus hippocampi there is a band of fibres whose 
direction is parallel to the tapetum, from which it is separated by the ventricle, 
probably these are fibres of the forceps major. 

In the next section the corpus callosum has contracted to very small dimensions; 
the direction of its fibres is downwards and slightly forwards. It is seen as a horn- 
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shaped collection of fibres, surrounded on its upper and posterior sides by the hori¬ 
zontal fibres of the corona radiata 01 optic radiations In front, the laiger end of 
the horn abuts on the caudate nucleus, and below it, lies the lateial ventricle and the 
superior end of the hippocampal gyrus 

In the next section the caudate nucleus is prolonged downwards and forwards 
(forming the anterior wall of the descending cornu of the lateial ventricle) to join the 
small remaining part of the lenticular nucleus At the upper end of the lateial 
ventricle, as seen m these sections, we have a small piece of the corpus callosum 
which has the same relation as before, but its fibres are directed moie forwards In 
the last section of this series extending as far out as the vertical level of the fissme 
of Sylvius, the basal ganglia are represented by a very small piece of grey matter, 
forming the anterior wall of the lateral ventricle 

The corpus callosum m its position at the upper end of the lateral ventricle is m 
contact with the basal ganglia m front ( 2 caudate nucleus) and sends a prolongation 
backwards and downwards behind the hippocampal grey matter, with which, however, 
no connection can be made out. These fibres, which are really the remains of the 
tapetum, are still seen on the superior wall of the descending cornu of the lateral 
ventricle, and they form a crescent-shaped collection of fibres arching over the superior 
and posterior ends of the hippocampal grey matter They have a diiection forwards 
and downwaids, but them ultimate endmg cannot be ascertained m sagittal sections 
Hoi izontal Sections —The relation of the posterior part of the corpus callosum will 
now be described m horizontal sections, and here, as m the sagittal, we shall considei 
it under the heads of (1) the posterior part of the body of the corpus callosum, with 
its prolongation backwards, the tapetum , (2) the splenium, with its prolongation 
backwaids known as the foiceps major posterior , (3) an intermediate pait connecting 
the splenium with the posterior part of the body of the corpus callosum 

As was seen in the sagittal sections, the great distinctive difference between the two 
parts of the corpus callosum is, that with the exception of the region near the middle 
line, they are separated by the lateral ventricle. The mam body, with its tapetum, 
being external and superior to this cavity, whilst the splenium with its forceps major 
is inferior and internal 

The first definite appearance of the corpus callosum from above is seen (fig. 13, C C) 
outside the cingulum, and also m the occipital region It here forms a small club- 
shaped collection of fibres, which is bounded on the outer side by the corona radiata, 
and on the inner side by the calcarine fibres {Of). It is prolonged backwards m,the 
form of a tail, forming a concavity towards the middle line, and the direction of the 
fibres is backwards and slightly inwards 

In the next sections (fig 14), this arrangement of the corpus callosum is more 
marked, and the tail of the fibres above described is seen to be prolonged backward 
along the concave wall of a space (L vp ), which is evidently the commencement of 
the posterior cornu of the lateral ventricle The direction of the fibres is now back- 

z 2 
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wards and outwards When traced forward, tins part of the corpus callosum ((7.(7 
tap) is found to be in connection with a tract of fibres winch extends forwards along 
the whole length of the brain as far as the frontal region, and which is bounded on its 
innei and on its outer side by the cingulum (Cmg h ), and the fibres of the corona 
radiata (C.R ), respectively This tiact is the mam part of the corpus callosum (C C), 
whilst the club-shaped collection of fibres and its prolongation into the occipital region 
is the highest part of the tapetum ( Tap ) 

In fig 15 the corpus callosum is well seen in its whole length, extending from the 
frontal region into the posterior part of the occipital We here have the first 
appearance of the caudate nucleus and the lateral ventricle, which is beginning to 
sepaiate off the middle part of the corpus callosum from the centrum ovale 

It is not until we arrive at the level where the lateral ventricle is well exposed 
(fig 16), that we perceive the first indication of that part of the corpus callosum 
(Spl') which connects the splenium to the mam part. In this section the posterior 
part of the body of the corpus callosum is well represented by a thick mass of fibres 
((7(7), which have near the middle line a transverse horizontal direction, but which 
on passing outwards turn backwards, and are continued into the club-shaped bundle 
of fibres which can be traced sweeping round nearly to the tip of the white matter of 
the occipital region. These are the fibres which form the tapetum (fig. 16, Tap.) 
They are, as before, separated by a veiy narrow space, the posterior cornu of the 
lateral ventricle ( bv p ), from the calcarine fibres and the cingulum (Of., Clng. p). 

The posterior cornu ( Lv.p .) is seen at its anterior part to separate off a tract of 
fibres from the main part of the corpus callosum. This tract (figs. 16-22, Spl.') 
appears on the inner side of the space as a collection of horizontal fibres, but towards 
the middle line it joins the rest of the corpus callosum In an external and posterior 
direction its free border is bevelled off like a chisel, and its fibres are there cut 
horizontally across This is the first appearance of the connecting fibres of the 
splenium m horizontal sections, and it is here hounded m front by the ventricle, 
behind by the fibres of the cingulum and their prolongation outwards. 

On first examining these sections this tract of fibres (Spl/) appeared at first to be 
the splenium proper, but on a more careful comparison of these sections with those in 
the sagittal direction I think there is no doubt that this tract is that part of the 
corpus callosum which is intermediate between the posterior part of the body of the 
corpus callosum and its splenium 

The connections and relations of this tract are important; at first (fig. 16) its 
fibres can hardly be separated from the body of the corpus callosum, but in lower 
sections (fig. 22) the lateral ventricle has separated them at their outer part, and 
the direction of its fibres is different in the several levels. 

Thus, above (fig 16), nearly all the fibres are cut across, but, as we descend, the 
number of these diminish, and they are limited to the extreme posterior border of 
the tract, so that m fig. 20 the fibres have an oblique direction, which becomes more 
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horizontal as we reach fig 22 , also m the upper section (fig 16) no continuity can be 
traced between the fibres of this tract and the middle line of the corpus callosum, but, 
as we descend (fig 22), the course of the most postenor fibres of the corpus callosum 
is horizontally outwards from the median line into this tiact, and heie, as has been 
already shown, the direction of the fibres is horizontal. 

The appearance of the fibres being cut across m the upper sections, would show 
that they are either ascending or descending, and m the lower sections that they are 
oblique or horizontal However, as we pass from upper to lower sections, the tract 
advances forwards, away from the occipital region , this would give the fibies a 
direction from above, downwards and forwards—the direction which this tract 
assumes m sagittal sections (fig 5, Spl') Another point is that this tract is m 
close contact with the cingulum (fig 16, SplOwg y>,), whereas, m sagittal sections 
(fig 5, Spl ), the splemum proper is separated from the cingulum by the isthmus of 
the gyrus fornicatus 

In the next section (fig 23, Spl') the intermediate part of the corpus callosum 
ends abruptly at its outer end, while towards the middle line it blends with 
the posterior part of the body of the corpus callosum, which, as will presently be 
described, here becomes sepaiated from its prolongation backwards—the tapetum 
More mfenorly we get below the level of these two parts of the corpus callosum, and 
have only the splemum proper to deal with (fig 26) 

In fig 23 we have reached the level where the tapetum ( Tap ) has become 
separated off from the posterior part of the corpus callosum, which here ends abruptly 
not far from the middle line, it now appears as a club-shaped collection of fibres, 
having the tail of the caudate nucleus (c n ) m front, the mass of fibres of the centrum 
ovale on its outer side, and posteriorly it ends in a tail, which, tapering as it proceeds 
backwards, can be traced to the postenor part of the occipital lobe This prolonga¬ 
tion backwards is bounded the whole way by the fibies of the centrum ovale, which 
are almost at a right angle to the tapetal fibres, whose direction is downwards and 
outwards There is certainly no communication between them On the inner side of 
the tapetum, which is prolonged backwards behind the limit of the lateral ventricle, 
we have the calcarine fibres ( Cf ) 

The club shaped part of the tapetum is bounded on its inner side by the lateral 
ventricle, which here contains the choroid plexus, separating it from the prolongation 
backwards of the splemum, viz , the forceps major 

The forceps major makes its appearance (fig 23, FM) as a band of fibres 
just outside the intermediate part of the corpus callosum (Spl'), but not in connection 
with it, and passes round m front of the commencing cornu Ammonis or hippocampus 
major (C.A ), which here begins to form a projection forwards into the lateral ventricle 
The fibres of the forceps major have a horizontal direction and end abruptly at their 
outer part, and posteriorly, where they are m contact with the cingulum, they are cut 

horizontally across. 
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In the next sections (fig 26) we have got below the level of the mam part of the 
coipus callosum, and only the splenium is seen, extending fiom the middle line into its 
forceps major round to the outer side of the hippocampus major, but m the whole 
extent of this course no definite connection can be found between the fibies of the 
forceps majoi and the cortex of the cornu Ammonis 

In the above account the corpus callosum lies m close i elation with the fornix, 
which appears m front of it The two structures are scpaiated at first by an interval, 
but they after wauls come into contact (fig 24) ; the difference m staining, as was 
obseived in other sections, is well marked, especially m fig. 28, wheie the darker 
stained fibies next to the cornu Ammonis aie the forceps major, and the light-coloured 
fibres next to the taenia hippocampi the fornix. 

The horizontal fibies of the splenium and the foiceps major gradually dimmish as 
we descend, until we reach (fig 29, Spl ) the apex of the wedge-shaped splenium (as 
seen m sagittal sections) 

In the next sections this has disappeared, leaving only that part of the forceps 
major which is external and posterior to the hippocampus major, the fibres of which 
are cut across, and are arranged in a triangular-shaped bundle (figs 29-84, F M). 
Where the last traces of the forceps major m front of the cornu Ammonis are seen 
(fig 29, Spl ), there are some faintly stained fibres, which, as we saw above, are 
part of the fornix. This is particularly seen in the next section (fig 30), where 
the light colour shows that they belong to the fornix (see p. 186). 

In further sections we havo then, representing the forceps major, the collection of 
cut-across fibres situated on the inner wall of the lateral ventricle, behind the cornu 
Ammonis. They are very deeply stained, and, at first sight, seem to be the 
continuation of the fornix round the ventricular surface of the hippocampus major. 
But in further sections, these fibres from the fornix, when traced to the posterior 
part of the cornu Ammonis, are quite distinct from the forceps major 

As has been seen in other planes, the two systems, viz , the splenium with its 
forceps major and the fornix with its alveus, lie so closely together that it is difficult 
to say where one begins and the other leaves off This has been particularly seen 
in sagittal and frontal sections In these horizontal sections, the prolongation of the 
forceps major round the outer side of the cornu Ammonis, and the prolongation of the 
alveus from the fimbria of the fornix lie one above the other We have here 
reached a point where the two systems come in contact, and those fibres which, after 
winding round the cornu Ammonis, do not run into the triangular collection of fibres 
of the forceps major behind the cornu, but end m a separate collection m front of this 
triangle, are the first indication of the alveus (see p 187). 

As was stated above, the forceps major (fig 35, F.M ) lies on the inner wall of the 
lateral ventricle behind the' cornu Ammonis, forming a triangle the apex of which is 
directed backwards. In front of it is the alveus [Ah.), and behind it the calcarine 
fibres (C.f). 
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Id the next sections (fig 36), these fibres of the foiceps majoi, which have hitherto 
been cut across, % e , descending, become oblique and are prolonged backwards We 
have here reached the bottom of the calcaime fissuie [F C) where the calcaime fibies 
can be seen passing along its floor Lowei down (figs 37, 38) we have got almost 
below these fibres, and can now see those of the forceps major (FM ) spreading out 
like a blush, and having a dnection backwards and inwards A few of the most 
inferior calcarine fibres can still be seen on the outer side of the forceps majoi, having 
a direction at light angles to its fibres, which they separate fiom the calcarine coitex 
Further on, this appeaiance is bettei marked (fig 38, Of) The calcarine fibies at 
the bottom of the fissure soon disappear altogether and the forceps major has the 
following anangement Just behind the cornu Ammonis the fibres appeal as points, 
le, cut acioss, and from this place they ladiate backwards, spieadmg outwards and 
inwards, and lose themselves m that part of the white mattei of the occipital lobe 
which is derived from the posterior part of the corona radiata and the optic ladiations 
of Gratiolet 

Their ultimate ending m the cortex cannot be tiaced m these sections, but they 
certainly do not join the corona ladiata, with whose fibres they make sharp angles 

Further on, we get below the level of the forceps majoi, which disappeais gradually, 
and the space is filled up with the white matter of the corona radiata, whose fibres 
now turn sharply round to reach the cortex of the gyrus hippocampi, for now a section 
has been reached which is below the level of the posterior cornu of the lateral ventricle 

In sagittal sections it appeared as though the foiceps majoi sent some fibres 
downwards into the temporo-sphenoidal lobe, but this point cannot be made out in 
these horizontal sections 

Having now described the forceps major m horizontal sections, the further course 
of the tapetum (the prolongation backwards of the mam pait of the corpus callosum) 
must now be followed out 

As already mentioned, it forms a club-shaped bundle of fibres on the outer wall 
of the posterior cornu of the lateral ventricle This shape gradually becomes moie 
tiiangular, diminishing m size, it at length (figs 35-38, Tap) forms a narrow band 
lying immediately behind the tail of the caudate nucleus (c n ), and extending to the 
hmdermost part of the postenoi cornu The direction of its fibres has also altered, 
and they are now cut across (i e , descending), standing out as points m marked 
contrast to the fibres of the corona radiata, which aie horizontal This arrangement 
is seen as far as the end of the posterior cornu, where the fibres of the tapetum again 
become more horizontal 

In further sections the tapetum can be traced to the level where the posterior cornu 
leaves off and the descending cornu of the lateral ventricle begins On the outer wall 
of this cavity the tapetum is again seen immediately behind the caudate nucleus as a 
very thm band, its fibres having a direction at first backwards and inwards and then 
downwards Its further appearance is in the form of small dots and in the same 
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position, as far as the section corresponding to the horizontal level of the optic 
commissure, aftei which it can no longer be made out. It will be seen by the very 
small size of the tapetum that its distribution m the descending cornu must be very 
slight 

Frontal Sections —The first appearance of the splemum of the corpus callosum is 
seen m frontal sections at the vertical level through the middle of the pons and the 
postenoi part of the optic thalamus. It there appears as a narrow band of fibres 
liavnig a transverse duection and separated by a horizontal septum from the undeL 
surface of the mam part or body of the corpus callosum , at the outeL part of this 
septum, the longitudinal fibres of the fornix are seen 

Passing posteriorly to the next section, which is made at the veitical level where 
the optic thalami aie completely sepaiatcd from the hemispheres, the splenium is 
much larger, and it soon becomes the same thickness as the mam pait of the corpus 
callosum 

At the outer and upper part of the splemum is the fornix, separating it fiom its 
mam body. The fibres of the splemum end abruptly at the outer margin, and their 
direction is obliquely transverse, they are also rather deeply stained On the other 
hand the fibres of the fornix are quite distinct fiom those of the splemum, being moie 
closely aggregated and only faintly stained. 

As mentioned above, there is a distinct septum running tiansversely, separating tho 
two parts of the corpus callosum, and along it the fornix extends only for a short 
distance, so that at the median line the splenium is in such close contact with tho 
under surface of the body of the corpus callosum that the two cannot be differentiated. 

Tn the fronto-oblique sections the splemum is not definitely seen until we roach that 
made through the corpora quadiigemma (fig 43, right half, Spl.) Hero the corpus 
callosum is much enlarged m its vertical direction, and at its outer margin is the 
fornix (F. p.), very faintly stained. Winding round the outer surface of the cornu 
Ammonis, which is here very much enlarged, there is a narrow hand of fihtes more 
darkly stained than the fornix, with which it comes in close contact in the lateral 
ventricle. These darker stained fibres can be tiaced down to the under surface of tho 
gyrus hippocampi, and they arc probably the commencement of the forceps posterior of 
the splenium It is here very difficult to demonstrato, for certain, where the descend¬ 
ing posterior pillar of the fornix (taenia hippocampi, alveus) leaves off, and where the 
forceps major of the splemum begins, for both of them wind round the outer surface 
of the cornu Aunmonis along the inner wall of the lateral ventricle, to end in tho white 
substance of the temporo-sphenoidal lobe 

It is seen, however, that whereas the forceps major can he traced inwards in this 
plane into the most inferior part of the corpus callosum, i,e,, the splenium, the 
posterior pillar of the fornix appears to spring from the septum between the two parts 
of Ifi© corpus callosum. Moreover the former is more deeply stained than tho fornix, 
^ndit does not present the sharp angle which the latter makes at this level. 
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In the sagittal and horizontal sections the same difficulty was experienced m 
differentiating the two systems, but m the fionto-oblique sections the arrangement can 
be more clearly seen As we pass backwards the forceps major gradually mcieases m 
size, while the posterior pillai of the fornix diminishes and finally disappeais, showing 
that the fornix lies in part of the forceps major. At the succeeding fionto-oblique 
levels (fig 45, light), the splenium {Spl ) appeals as a projection outwaids on the 
under surface of the corpus callosum, its fibres being cut acioss obliquely. At its 
outer end it is connected with the forceps major (F M) } which extends as a thick band 
along the outer side of the fascia dentata (F D ), forming the inner wall of the lateral 
ventricle This is better seen (fig 41, left) where the foiceps major (FM) passes 
outwards, downwards, and backwards to the level of the floor of the lateral ventucle, 
where it foims a thick collection of fibies between the cingulum (Cmg p ) on the 
inside, and the lateral ventricle (L.up) on the outside The forceps major is 
separated by a slight space from the fascia dentata and comu Ammoms, and no fibres 
can be traced from it into their cortex At the level of the floor of the lateral 
ventucle the fibres end abruptly 

In the next sections (fig 42, 43, left) the outer wall of the lateral ventucle, which 
m the previous sections was formed m part by the tail of the caudate nucleus (fig 41, 
left, c n ), is now made up entirely by the tapetum of the corpus callosum The 
tapetum is seen (fig. 41, left, Tap ) m all sections anterior to this (as far forwaids as 
the anterior part of the descending cornu), as a nanow band of fibres extending 
downwards fiom the lower margin of the caudate nucleus to the level of the floor of 
the lateral ventricle (descending cornu) On passing backwards this part of the 
tapetum increases in length at the expense of the caudate nucleus, until at the 
posterior limit of this nucleus, the tapetum (fig 44, left, Tap ) extends along the whole 
outer wall of the lateral ventucle, springing out of the main body of the corpus 
callosum above, and tapenng gradually downwards to the level of the floor of the 
labeial ventricle below, where it comes into contact with the foiceps major 

From the outer suiface of the postenoi pait of the corpus callosum fibres are sent 
to pass through the whole matter of the centrum ovale The plane of the fibres is 
downwards and backwards, and at right angles to those of the centrum ovale, which 
here have a sagittal direction At this point, therefoie (fig 44, left), the posterior 
cornu is lined entirely by the prolongations from the coipus callosum, having the 
forceps major on its inner, and the tapetum on its outer wall Both these parts 
increase very much m size, and the foiceps major at its lowest part forms a large 
collection of fibres, ending abruptly below the calcaiine fissure on the inner side of the 
floor of the lateral ventricle This corresponds to the point m horizontal sections 
where the forceps major radiates backwards m a horizontal plane (see p. 175). 

In the next section (fig 45, left) the forceps major gradually disappears when traced 
down the inner wall of the lateral ventricle. 

It should, however, be remarked that theie is still a collection, of fibres m tbe 
filDCCCXCI — B 2 A 
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central white mattei of the convolution forming the lower lip of the calcarine fissure 
m tlie place occupied by the termination of the foiceps major, and it is, moreover, 
situated neai the inferior end of the tapetum {.fig 44, left, F.M) These fibres are 
therefore the last part of the forceps major, they have a direction downwards and 
inwards and are m contact above with the calcaime fibres (Cf), which separates them 
from the calcanne cortex 

Ileie (fig 45, left), although the fibres of the forceps major dimmish in extent and 
thickness, there is still a collection of fibres at the point where the foiceps major 
leaves the corpus callosum (fig. 44, left, ') which does not become smaller or less 
deeply stained This collection of fibres is oblong m shape and is situated at the 
upper end of the lateial ventricle , it is attached above to the mam pait of the corpus 
callosum, and its long axis slants downwaids and outwards to its lower end which is 
bevelled off, on its inner side it rests on the grey matter of the isthmus of the gyrus 
foimcatus—a faint tiace of the fascia dentata being also visible—and on the outer 
side it is separated by the lateral ventricle from the tapetum. The direction of the 
fibres which was previously down and out, now alters; they become more and more 
oblique, till they appear as bundles of points, showing that they are cut across and are 
now taking an antero-posterior direction. Before this condition is reached the upper 
part of the forceps majoi has entirely disappeared. These fibres, when traced back¬ 
wards, do not vary their position, but keep to the inner side of the upper end of the 
lateral ventricle—the angle which they make with the tapetum forming the roof of 
this cavity. This tract alters in shape, becoming more triangular, and has the same 
relations, except that it is now (^.e., posterior to fig. 45) bounded by the cingulum on 
its inner and under surface Its fibres can be traced to the end of the posterior cornu 
of the lateral ventricle, and after that they blend with the tapetum. As to what is 
the distribution of this part of the corpus callosum it is difficult to be certain; it is 
very doubtful if it gives off fibres to the subjacent cortex, but m this plane the 
connection cannot he definitely made out. 

I think there is no doubt that these are the fibres which come from the inter¬ 
mediate part of the corpus callosum, which is situated between the posterior part of 
the body and the splenium, and which was seen m sagittal (fig. 5, Spl/) and in 
horizontal sections (fig. 22, Spl,') forming along with the tapetum the superior and 
inner angle of the posterior cornu of the lateral ventricle. In horizontal sections the 
shape of this tract with the bevelled edge is very similar to the appearance in the. 
fronto-oblique sections. 

The tapetum can be traced (in sections posterior to fig. 45) to below the level of 
the floor of the lateral ventricle and that of the calcarine fissure, where its fibres end 
m the mass of white matter of the hemisphere. Although the individual fibres 
oannot be traced into the cortex, their direction makes it probable that the tapetum 
sends fibres to the outer part of the occipital region, whilst the forceps major supplies 

the cortex on the median and inferior surface of the occipital lobe below the level of 
the calcarine fissure. 
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In following the corpus callosum further backwards we arrive at the end of the 
posterior comu of the lateral ventricle, which is diminished to a veiy small size It 
is bounded on the outer side by the tapetum of the corpus callosum, which extends 
downwards to the under part of the occipital lobe, and on the inner side by the fibres 
from the intermediate part of the corpus callosum, which presents a small collection 
of cut-across fibres 

In the next section, which is behind the posterior limit of the lateial ventricle, 
these two parts of the corpus callosum come into contact, and, in the last section, it 
is almost impossible to separate them 

Summary —From the foregoing description of the hinder part of the corpus callosum 
and its splemum m the various planes, we see the following airangement —At the 
middle line, and for a short distance on either side, these two parts of the coipus 
callosum are so closely united that it is almost impossible to separate them, although 
under the miscroscope a narrow septum can be traced transversely betv een them 
Outside this level (fig 6), the two begin to be separated by the lateral ventricle 
The mam part or body of the corpus callosum ends posteriorly on eithei side m the 
tapetum, which runs backwards and outwaids along the roof and outer side of the 
posterior cornu of the lateral ventricle It also extends along the outer wall of the 
descending comu of this cavity as far forwaids as its anterior part The anterior 
margin of the tapetum is formed by the tail of the caudate nucleus, lying behind 
which it is always seen m horizontal and sagittal sections The tapetum is therefore 
distributed to the parts of the hemisphere bounding the postenor and mfenor cornua 
of the lateral ventucle on their outei side, though, to judge from the size of the 
tapetum in the anterior part of the descending cornu, its connection theie must be 
very slight 

The splemum, which is at first oval on sagittal section at the middle line, becomes 
triangular as it extends outwards, and more separated from the mam part of the 
body, and connecting these two is the intermediate part of the corpus callosum, which 
is continued backwards between them mto the occipital region The splemum is now 
prolonged, as the forceps major posterior, obliquely downwards and backwards lound 
the anterior and external surfaces of the cornu Ammoms, or hippocampus major, to the 
posterior inferior aspect of that structure (F M , figs II, 23) In this course it forms 
the inner wall of the posterior cornu of the lateial ventricle, but as far as can be made 
out it does not seem to send any fibres mto the hippocampus major The forceps 
major has now been traced down to the floor of the lateral ventricle and below the 
level of the calcarine fissure, where it (F M., figs 12, 38, 41) turns sharply backwards 
at an obtuse angle, and spreading out it passes into the mass of fibies coming from the 
corona radiata Its shape thus resembles the letter Z, if its acute angles be made 
obtuse 

Though its individual fibres cannot be traced into grey matter, its direction is 
towards the cortex on the inferior and median part of the occipital lobe below the 

2 a 2 
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level of the calcaime fissure, and it appaiently does not supply the calcarine cortex 
The terminal fibres (F M , fig 38), which couise in the direction of the hinder end of 
the posterior horn of the lateral ventricle, come into contact theie with the tapetal 
fibres 

The intermediate fibres (Spl fig 4), between the tapetum and the splenium proper, 
run backwards, being attached at their uppei and inner end to the tapetum, but soon 
become free of the splenium and forceps major (Spl/, figs 5, 22) After passing the 
vertical level of the foiceps major, the fibres can be traced along the roof of the 
postenor cornu of the lateral ventricle, forming with the tapetum the apex of the 
upper part of this cavity (fig 45, left), here they may give off fibres to the cortex 
of the gyrus formcatus, but not to that forming the upper lip of the calcaime fissure, 
and they can be followed posterior to the lateral ventricle, where they blend with the 
tapetum 

From the above description it appears that the arrangement of the different parts 
most resembles the account given by Schwalbe (p 165), and especially with refeience 
to the opinion that the upper and postenor parts of the occipital convolutions are 
supplied by the callosal fibres coming from, the angle formed by the splenium with the 
body, and winch I have here termed the intermediate fibres, The relation of this part 
to the tapetum, and the manner m which the two parts together form the roof of the 
lateral ventricle has not, I believe, been fully described 1 have boon unable to trace 
any fibres from any part of the corpus callosum to tho cortex hounding the calcarine 
fissure * 

I would again emphasize the relation of the callosal fibres to the corona radiata ; in 
no case has any junction been found between the terminal fibres of these two gieat 
systems, a connection which has been so strongly insisted on by Professor Hamilton, 
and which I have already contested in a previous paper (see ‘ Bram/ Parts XXXI,, 
XXXIII.) with regard to the other parts of the corpus callosum. 

In the last part of this paper will be described the fornix, and particularly the 
body and the postenor crura 

Posterior Part of the Fornix 

Previous Descriptions— It is stated in Quain’s ‘Anatomy’1 that each anterior 
pillar of the fornix is connected near the foramen of Monro with the peduncle of the 
pmeal gland and with the tsema semicnculans, and it also receives fibres from the 
septum lucidum 

* [The calcaime cortex corresponds to the cuneus m Man and the higher Apes, which is considered by 
some to be the chief localisation for the opposite half of the visual field. The possible absence of a 
commissure between the two sides might: explain the persistent hemiopia after lesion of the cunens m 
Man —February 24, 1891 ] 

t Loo. cit , p. 848. 
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“ The posterior pillais, 01 crura, of the fornix are the diveigmg posterior prolonga¬ 
tions of two flat lateral bands composing the body Each cius enters the descending 
cornu of the lateral ventricle, where part of its fibres are distributed on the great 
hippocampus, and the remainder aie prolonged as the nanow band of white matter 
known as the tsenia hippocampi or fimbria ” 

In the same work* * * § the taenia semicirculans, or stna terannalis, is described as 
“ a narrow whitish band between the nucleus caudatus and the optic thalamus It 
forms part of the floor of the lateral ventricle, and it is continued backwards into the 
white substance of the roof of the descending cornu, and finally ends m the nucleus 
amygdalae m the inferior cornu In front, where it is largest, it reaches the corre¬ 
sponding anterior pillar of the fornix, with which it comes into connection ” 

Accoidmg to MeynertI the crura foimcis possess a commissure below the splemum 
of the corpus callosum and within the psalterrum. According to the same author and 
Huguenin, the crura formcis aie augmented by fibres from the medullary lamina of 
the cingulum at the anterior part, where they form the body of the fornix, these 
fibres pass through the corpus callosum transversely, and join the fornix 

HugueninJ states that the “ fibres of the alveus proceed from the cortex of the 
cornu Ammoms, but they ascend to the tngonum m the posterior pillar of the fornix, 
which higher up sends some of its fibres to the opposite side through the psaltenum, 
so that there exists between the two cornua Ammoms a transverse commissure. 
Directly after the junction of the posterior pillars with each other, along the median 
line, they receive a new band of fibres which, proceeding from the association fibies of 
the cingulum, pass through the fibres of the corpus callosum, unite with the tngonum, 
and accompany the latter in its course, and descend m front of the anterior 
commissure ” 

Obersteiner, § after giving the relations of the fornix accoiding to the description 
already given, says that “ the two posterior crura of the fornix enclose on the under 
surface of the corpus callosum a triangular aiea, with clearly-marked transverse 
arrangement of fibres, and with the apex of the triangle directed forwards (psaltenum 
lyra Davidis) It consists of a thm medullated layer, which is often incompletely 
united with the under surface of the corpus callosum, but which is separated from it 
by a cleft (the ventricle of Verga) ” 

Further on m his work,|| he says that ff there is no doubt the fomix contains many 
fibres which, com ing out of the cortex of the Ammon s horn, seem to end m the corpus 
mamillare, and therefore aie analogous to the fibres of the corona radiata A small 
part of the fibres of the 'fornix, which radiate into the septum lueidum, must be 

* P 352 

f Loc cit , p 760. 

X Loc . at, p 134 

§ Loc cit, p 69. 

|J Loc cit , p 343 
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reckoned as association fibres, as the septum is to be looked iq>on as part of tbc cortex 
cerebu ” 

The part of the fornix with which we are concerned m this paper, is the highest 
part of the arch, which lies m the floor of the lateial ventricle on the optic 
thalamus, and is commonly called the body of the fornix, as well as the posterior part 
of the arch, which descends the inferior cornu of the lateral ventncle 

It may be said at once that the anterior part of the fornix known as the ascending 
and descending pillais, will not foim part of this paper, as the subject has already 
been woiked out by von Gudden and Forel (‘Arcluv f Psychiatne/ vol 7, 
p 77, vol 7, p 422, vol 11, p 428). 

Sagittal sections —The horizontal fibres which form the highest part of the arch of 
the fornix aie seen m the lateral ventricle, lying beneath the corpus callosum, and 
resting on the optic thalamus m the groove between this body and the caudate 
nucleus (fig. 1, F) 

Its fibres, winch have an antero-posterior direction, can be traced backwards to the 
splemum of the corpus callosum In this couise, just before they reach the splenmm, 
the fibres are doubled back upon themselves, so as to form a sigmoid appearance, 
which, as we proceed outwards from the middle line, becomes more posterior, until 
at last it reaches the splenium. 

On arriving there its fibres are divided into two parts by the splenium *--(1) Some 
of them pass above it and enter into the posterior part/ of the corpus callosum, where 
they have a direction at right angles to its transversely cut fibres, and thus separate 
off tbe splenium from the main body of the corpus callosum; (2) In sections further 
removed from the middle line, the rest of the horizontal part of the fornix passes 
down in front of the splenium, between it and the posterior border of the optic 
thalamus. This, as will subsequently be seen, is the commencement of the part 
called taenia hippocampi, which descends the inferior cornu of the lateral ventncle to 
reach the cornu Ammonia, where it is also known as the fimbria. 

To return to the fibres of the fornix which pass above the splenium. As stated 
above, they pass into the corpus callosum. They appear (figs. 1-4, F.m.) as a very 
fine bundle connected with the body of the fornix in fiont, and behind they pass into 
the septum between the splenmm of the corpus callosum and its main part. The 
fibres there take a direction upwards and backwards, at right angles to that of the 
fibres of the corpus callosum The individual fibres of the fornix can be traced as 
far as the superior surface of the posterior part of this structure, but what their 
final ending may be, cannot be ascertained. They appear as septa between the thick 
bundles of the corpus callosum, but whether they pass out with its fibres to join 
grey matter elsewhere cannot be here made out. They do not seem to be continuous 
with the cingulum as has been described by Huguenin. 

The other part of the fornix, lying in front of the splenium and behind the optic 
thalamus, must now be described. 
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The first appearance of the fibres of the horizontal part of the foimx descending 
m front of the wedge-shaped splenium of the coipus callosum is m fig 5 ( FI ) 

Here the bundles of the tiansverse fibres of the splenium (Spl ) are seen, and m 
front of them is a nanow band of fibres from the body o£ the fornix descending to 
the apex of the splenium, where they become more or less transverse m direction 
They continue to pass down along the descending cornu of the lateral ventricle, 
being bounded m front by the pulvmar of the optic thalamus, and behind by the 
commencing fascia dentata of the gyrus hippocampi During this time the tians- 
verse fibres of the splenium alter m shape, and are readily distinguished from the 
descending fibres of the fornix by their marked tiansversely-cut appearance, and by 
the fact that they are more deeply stained (by Weigert’s method) (fig 10, F M, 
and F l ). 

The posterior pillar of the fornix continues descending, and finally joins the 
fimbria of the cornu Ammoms (fig 11, Fimb ), the fibies still preseivmg their 
peculiarity of being stained a lighter coloui (by Weigert’s method) than the adjacent 
fibres of the splenium 

At a point half way down the descending cornu the fimbria (fig. 11, Fimb ) appears 
to form a fusiform enlargement lying behind the lower part of the corpus geniculatum 
externum (c g e) The part of the fimbria beyond this enlargement is very narrow, 
where it is known as the alveus (Alv ), while the part above this becomes much 
increased so as to be the same size throughout (fig 12, Fimb.) * 

The fibres of the taenia hippocampi have a distinctly longitudinal direction and are 
exactly parallel to the posterior curved surface of the corpus geniculatum externum, 
from which it is separated by the descending cornu of the lateral ventncle 

The taenia hippocampi, or the fimbria, is prolonged downwards along the whole 
extent of the free margin of the fascia dentata of the gyrus hippocampi to the lowei 
end of the ventncle, and then over the extreme antenoi end of the cornu Ammonis, 
when it is known as the alveus (figs. 11, 12, Ah ), and it here separates this gyms 
from the hippocampal or pyriform lobule (H.L ) with the nucleus amygdalae 

The relation of the taenia to the cortex of the hippocampal convolution must now 
be described, beginning with the lowest part 

In the sections of this series, nearest to the middle line m which the inferior part 
of the cornu Ammonis first appears (fig 5), the lowest end of the alveus is seen 
bounding the anterior and superior surfaces of the cornu Ammonis (CA), but 
separated by a space from the hippocampal lobule m front of it On microscopical 
examination the alveus has no connection with the hippocampal lobule, and this 
statement holds good throughout this series of sections. 

* [The taenia hippocampi, or fimbria, is the continuation of the crus postering fomicis and forms a 
thick band of fibres on the superior and anterior surface of the fascia dentata, whereas the alveus denotes 
the narrow band of fibres proceeding fiom the fimbria round the anterior and external surfaces of the 
cornu Ammonis to its inferior and posterior surfaces —Eebruary 20th, 1891 ] 
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This lowest end of the alveus (figs. 8-10, Ah ) can be tiaced into a leash of fibres 
which turn downwards and spread out across the cingulum (Cmy,, p ), to end m the 
cell layer of the cortex on the inferior surface of the temporo-sphenoidal lobe Ibis 
leash of fibres in which the alveus ends, is m close contact with that foimed between 
the termination of the cingulum and the superficial fibies of the gyms hippocampi, 
but even with high poweis (F, Zeiss) no definite connection can be made out between 
the two 

The alveus (fig 10, Ah ) has here a direction parallel to the superior and anterior 
suiface of the cornu Ammonis, and when tiaced upwards, appeals to give oft fibies 
into its cell layer. It appears to do so because, although numerous fibres aie soon 
m the adjacent layers of the coitex, theie is not that extensive ladiatmg out of fibres 
from the alveus which is seen in other parts. 

At the upper suiface of the cornu Ammonis the fimbria (fig. 10, Fimh) sends down 
fibres into its coitex, and m some sections the plexus is continued downwards into 
the central part of the grey matter of the fascia dentata (F.D). 

On looking at the next section (fig 12), where the fimbria ( Fvmb .) and the alveus 
form a continuous hand reaching from the upper part of the hippocampus major and 
the tail of the caudate nucleus (Ah , c.n, } fig 11) to the anterior inferior end of the 
cornu Ammonis below, it can be made out that along the whole of this eouise whore 
the fimbria is in contact with the grey cortex of the cornu Ammonis, a fine plexus is 
given off into it 

It is difficult to say for certain m which direction the fibres are given off from the 
part of the fimbria which is parallel to the surface, but in the alveus it is still from 
the cortex of the cornu Ammonis, downwards and forwards, in fibres of short lengths. 
It will be observed on looking at fig. 12 that the convoluted appearance of the fascia 
dentata (F.D., fig 11) gradually disappeais, and at the same time the outer cell layer 
of the cornu Ammonis extends upwards at the expense of the fascia dentata. Into 
this extension of the cell layers of the cornu Ammonis, fibres are sent off by the teonia. 
The direction of its fibres at the upper part is now probably downwards and ibrwaids 
into the cortex. At the same time the lower end of the alveus (fig. 12, Ah.) begins 
to extend round the inferior surface of the cornu Ammonis, so as to separate this 
from the underlying cingulum (Cmg p.) The direction of the fibres of the alveus 
is a transverse one, % e , the fibres appear in section as points, and m maiked contrast 
to the longitudinal fibres of the cingulum. 

These fibres of the fimbria m succeeding sections gradually appear further backward 
along the inferior surface of the cornu Ammonis, while, at the same time, the tsema 
hippocampi or fimbria gradually loses its upper end (i.e,, the part between the 
tail of the caudate nucleus and the optic thalamus) In further sections outwards the 
fimbria diminishes still more, until the cornu Ammonis, as here seen, is completely 
surrounded by only a thin band of fibres, which must be the alveus, as the section is 
now external to the level of the fimbria (see fig 38). This appearance becomes more 
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marked on passing outwards, and in the most external sections of this series the 
cornu Ammoms is seen as an oblong piece of grey matter encircled by a band of fibies 
which are arranged m short cut bundles and completely separate this gyrus from the 
surrounding structures, viz —at the upper and posterior end, the remains of the 
corpus callosum, m front, the descending cornu of the lateral ventucle and the 
descending tail of the caudate nucleus, which here joins the outermost part of the 
lenticular nucleus, further m front are the remains of the nucleus amygdalae and 
mferiorlv the fibres from the posterior part of the internal capsule, which aie visible 
as far forward as this nucleus 

The direction of the fibres surrounding this, the extreme outer part of the cornu 
Ammoms, is important The level now reached is so external that these fibres must 
be looked upon as part of the alveus (cf horizontal sections, fig 38), except at the 
extreme upper end where they may form pait of the fimbria On the upper surface, 
which is bounded by the descending cornu of the lateral ventricle, the fibres aie in 
short-cut lengths and are directed forwards and downwards towards the cortex, but 
they do not give off many fibres At the lowest anterior end of the lateral ventricle 
they become parallel to the surface of the cortex, and round the front of the cornu 
Ammoms they change their direction and go downwards and forwaids from the cortex 
As the under surface is reached the direction of the fibres is confused and becomes 
at light angles to the cortex, and for the rest of the distance from here to the upper 
end of the lateral ventricle the fibres are in short lengths m the direction from the 
cortex down and forwards 

Horizontal Sections —The first appearance of the body of the fornix is seen in 
horizontal sections, when the level is reached where the lateral ventricle is first opened 
(fig. 16, F) 

It there appears m the lateral ventricle on the inner side of and parallel to the inner 
border of the caudate nucleus {CN), and bounded on its inner side by the cut-across 
ends of the transverse fibres of the corpus callosum 

The direction of its fibres is backwaids and outwards The fornix mcreases in size 
as we proceed downwards and has m these sections a fusiform shape. 

It lies free m the cavity of the ventricle, and at this level has no connection with 
the surroundmg parts It is bounded on the outer side by the choroid plexus, which 
separates it from the caudate nucleus. As we descend, a mass of grey matter (stained 
orange m the sections) appears m the middle of the fusiform shape of the fornix; this 
is the optic thalamus, which giadually separates the fibres of the formx (figs 20-22, 
0 T), but they are joined again behind that body, on the inner side the fibres soon 
disappear leaving the thalamus free This appearance is explained by examining a 
frontal section (fig. 40) where the fornix rests on the thalamus like a roof* horizontal 
sections of which would expose the thalamus with the fornix on either side 
of it. 

The fibres on the outer side of the optic thalamus, when traced forwards, end in a 
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small piece of grey matter occupying a median position and bounding the inner side 
of the lateral ventricle (figs. 22, 23, S.L ) This is the septum lucidum. 

We need not pursue these fibres any further forwards as it is outside the scope of 
the present work, and the termination of the anterior pillars of the fornix has already 
been worked out by Professors Gudden and Forel 

Posteriorly these fibres run between the optic thalamus and caudate nucleus to the 
hinder part of the former (fig 23, FI), where they form a knob-like shape, which is 
situated m a cavity of the lateral ventricle, bounded on the inner side by the optic 
thalamus (0 T) , by the tail of the caudate nucleus (c.n ) and choroid plexus on its 
outer side ; and in front, by the medullated fibres of the corona radiata This part of 
the fornix, lying external to the optic thalamus, is gradually lost as we proceed to 
lower sections, and the two ends of the arch alone remain, viz., the anterior end in the 
septum lucidum (fig. 29, S.l), which is now sepaiated from the optic thalamus by the 
foramen of Monro (For M.), and the posterior which forms the knob-like projection 
just referred to (F.l ). 'This latter, as will be seen later on, is really the tsema hippo¬ 
campi and its fibres soon assume a downward direction, i e , they appear as if cut 
across (fig. 29, F.l.). 

We must now return to the fibres of the fornix on the inner side of the optic 
thalamus. 

In fig. 22 (F,i) these fibres have a direction backwards and outwards behind the 
optic thalamus, ana lying just m front of the posterior part of the body of the corpus 
callosum, from which, however, they are distinctly separated, being stained by hema¬ 
toxylin of a lighter colour 

They are at first (fig. 23) free in the lateral ventricle, but in the next section 
(fig, 24) they come into close contact with the forceps major. In lower sections 
(fig, 26) the fornix appears as a thin faintly-stained band of transverse fibres, 
running outwards with the forceps major, but when traced inwards they do not 
extend to the middle line except in fig. 28. These are probably the transverse fibres 
which are considered to extend across the middle line to the other hemisphere, and 
to have a different course from those described above as lying internal to the optic 
thalamus. When traced outwards they join the base of the knob-like projection of 

the outer fibres of the fornix above referred to, and beyond this they pass into the 
cortex of the cornu Ammonis 

It is exceedingly difficult to separate the course of these fibres of the fornix from 
those of the corpus callosum, but one is helped by the fact that the latter are stained 
by Weigerts method a deep blue, almost black colour, while the fibres of the 
fornix are stained a lighter tint (see corpus callosum, p 174). 

In fig. 29 (FI.) the knob-like projection of the external fibres of the fornix, which 
we may now call the taenia hippocampi, or fimbria, is still seen to be descending, and 
to have the same relations in the lateral ventricle to the surrounding parts as before. 
At the base of the projection we have the light-coloured fibres of the transverse part 
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of the fornix, and behind them the transverse fibres of the foiceps major of the corpus 
callosum 

At fig 30, these fibres of the forceps major in front of the cornu disappear, leaving 
the transverse fibres of the fornix, which gradually diminish till we reach fig 32, 
where they disappear almost entirely, leaving the knob-like projection of the taenia 
hippocampi, which now lies quite free in the descending cornu of the lateral ventricle, 
except at its posterior part, where it rests on the cornu Ammonis, having the tail of 
the caudate nucleus on its outer and the optic thalamus on its anterior and inner 
sides, with the ventricle intervening In figs 35-37, although there are no horizontal 
fibres of the corpus callosum or fornix on the inner side of the taenia hippocampi, 
there is a considerable band of fibres going out fiom the posterior part of the taenia, 
and lunnmg round the external surface of the cornu Ammoms to its hinder surface 
(Alv ) These fibres appear as if cut into short lengths, having a direction from the 
cortex backwards and outwards. In this course they form the anterior part of the 
inner wall of the posterior cornu of the lateral ventricle, and wind round to the 
posterior surface of the cornu Ammonis. Posterior to this convolution and between 
it and the hippocampal gyrus, there is a considerable projection of white matter At 
the outer part, next to the ventricle, three sets of fibres are to be recognised under 
the microscope—1st, the fibres of the fornix just described, coming round the outer 
surface of the cornu Ammonis from the tamia hippocampi, 2nd, the calcarine fibres 
(Cf) at the extreme posterior part , and 3rd, between the two a wedge-shaped 
mass of fibres, the forceps major (F M ), having its outer surface free towards the 
lateral ventucle 

The differentiation of these fibres into three parts is better seen in sections stained 
by Weigert’s method than by Pal’s. 

Besides these three sets of fibres, we must not forget the cingulum, which forms the 
most internal part of this portion of white matter 

The first of the three sets of fibres described above, which is considered to come 
from the taenia hippocampi or fimbria, forms what is known as the alveus of the 
cornu Ammonis, and its fibres can be traced on their inner side into its cell-layer, 
whence they pass m a direction outwards and backwards, while posteriorly, on 
arriving behind the cornu Ammonis, the direction of their fibres is evidently descend¬ 
ing, and they finally blend with the fibres of the cingulum. 

The alveus occupies the same place as the forceps major higher up , but whereas 
the fibres of the latter can be traced directly from the splemum, the former is 
narrower, and its individual fibres do not sweep round out of the fimbria, but they 
exist only in short lengths, instead of m one continuous band of fibres 

It will thus be seen that at this level the alveus lines the inner wall of the 
lateral ventricle which corresponds to the cornu Ammonis. On the other hand the 
whole outer wall of the posterior cornu is formed by the tapetum of the corpus 
callosum {Tap) 

2 b 2 
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The relation of the alveus to the cornu Ammonia and to the cingulum remains the 
same as far as fig 38 (Ah ) 

When traced further down still, we come to the level where the forceps majoi 
fibres cease, and where the posterior cornu of the lateral ventricle does not extend 
further back than the posterior surface of the cornu Ammonis, and the fibres from 
the posterior part of the internal capsule are turning sharply inwards to end in the 
hippocampal convolution. Here the knob-shaped fimbria, with its fibres cut across 
transversely, is well seen, as well as the alveus, proceeding from its outer border and 
occupying a position round the outer suiface of the cornu Ammonis, behind which it 
comes into relation with the cut-across fibres of the cingulum 

The part of the alveus nearest the fimbria shows shott cut fibres arranged at right 
angles to the cortex of the cornu Ammonis , more posteriorly they pass from the 
cortex back and out, while near the cingulum the fibres appear as points. 

In the section where we have nearly leached the level of the lowest pait of the 
occipital coitex, the fimbria alters m shape. It becomes tuangular, with the apex 
backwards, and its fibres are seen to be arranged m a distinctly antero-posterior 
direction. This direction is continued into the alveus for the first part of its course, 
wherp the fibres are aiianged in short lengths at right angles to the cortex, hut 
posteriorly near the cingulum the fibres appear as points on the convexity of the 
cornu Ammonis, i.e , the part turned towards the ventricle ; bub on approaching the 
cmgulum the fibres are cut obliquely, but for the most part run forwards and back¬ 
wards. Where the fimbria and alveus are m contact with the cornu Ammonis they 
send a plexus into its coi tex. This is especially the case at the anterior and posterior 
parts. 

In the section which is on a level witli the under surface of the frontal lobe, the 
last vestige of which is seen, the cornu Ammonis increases very much in sizo, owing 
to the^ fact that it is here cut across in a slanting direction as it descends forwards. 

The fimbria is much increased in size, and it is turned inwards towards the crus 
cerebri, which lies on its inner side, whilst in front is the posterior cut end of the 
optic tract. Its most internal fibres are directed backwards and outwards, forming 
a thick plexus m the cornu Ammonis, while the rest of them have an antero-posterior 
arrangement. The relation of the alveus remains the same as before. When traced 
downwards the fimbria remains enlarged, with all its fibres directed inwards and for¬ 
wards until we reach the level of the middle of the optic chiasma, after which the 
cornu Ammonis appears enormously enlarged, and then the fimbria suddenly diminishes, 
so that m the last section of this series the alveus takes its place and appears as 
points, separating the cornu from the hippocampal lobule, as the level is now below 
that of the fimbria. 

Frontal and Ftonto-oblique Sections .—Having discussed the fornix in sagittal and 
horizontal sections, it will now he examined in the frontal and in frontal-oblique 
planes. . It will be more convenient to take the latter first, as they show the fornix 
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at a point further forward than in the frontal sections In the most anterior sections, 
passing through the most anterior part of the pons and eras ceiebri, the septum 
lucidum is well seen at the middle line, forming an irregular four-sided figure, being 
m contact with the under suiface of the corpus callosum above, and bounded on the 
outer side by the lateral ventricle and below by the space known as the foramen ot 
Monro. 

It contains some cut-across fibies, which gradually form a projection on its 
outer side This increases at the expense of its grey matter, which gradually alters 
m shape, until we have the septum lucidum appearing as a narrow triangular piece of 
giey matter, and, attached to it below, a horizontal collection of fibres, which at the 
middle line are cut away, while at their outer pait they become oblique Tins is the 
commencing body of the fornix, which now comes into contact with the under surface 
of the corpus callosum, the choroid plexus intervening 

At the most inferior part of the septum lucidum there are a few transverse fibres 
which leave off abruptly at the middle line. Their nature is not known 

The fornix continues to increase outwards, the fibres there having an oblique 
tiansverse direction, whilst at the middle line there is a considerable collection of 
fibres which are cut transversely and have a longitudinal direction, and the giey 
matter of the septum lucidum is very shghtly represented "We already see that the 
fornix here consists of two distmet parts 1st, a median, 2nd, a lateral oblique 
These correspond to the two divisions of the fornix seen in sagittal sections (p. 182). 
The median fibies appear as points, % e, they have a sagittal direction, whilst the 
lateral fibres are cut across obliquely. 

The under surface of the foimx is now m contact with the superior surface of the 
optic thalamus, and so closes up the space leading from the lateral ventricle mwards 
between the fornix and the optic thalamus, this space or channel is known as the 
foramen of Monro 

In the next section the fornix is closely applied along the whole of its under 
surface to the upper surface of the optic thalamus At the inner part the small 
triangular piece of the septum lucidum still remaining begins to be separated off 
together with the median fibres of the fornix from the rest of the fornix by a space. 
Separated from this and lying closely applied to the corpus callosum above and on 
the optic thalamus beneath is the rest of the fornix presentmg a number of obliquely 

cut fibres 

The fornix has now been traced to the fronto-oblique level of the posterior 
extremity of the lenticular nucleus and to about the middle of the pons 

Having now described the fornix so far in fronto-oblique sections, it will be con¬ 
venient to examine it m frontal sections 

In the first frontal section, which is made at the vertical level of the optic 
commissure (fig 39), the fornix is seen lying between the corpus callosum (00) 
above and the optic thalamus below (0 T.). It consists of a heart-shaped median 
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part ( Fm), with two lateral parts like wings (F.l), which are joined to the central 
part by a narrow isthmus which forms a sigmoid bend between them. The central 
part is made up of two halves, each of which contains in its upper part a small 
portion of grey matter, here stained yellow, which is in close contact with the under 
surface of the corpus callosum This is evidently the remains of the septum lucidura, 
aB has been already traced m fronto-oblique sections. 

Situated just below the grey matter of the septum lucidum are some cut-across 
fibres, which are the median longitudinal fibres seen m horizontal sections (p 186). 
The lateral part of the fornix, or wing, has an irregular shape and is quite free m 
the lateral ventricle The rest of the fibres in the central part of the fornix and 
also m the lateral part are arranged m such a confused manner that it is lather 
difficult to say what their course is, but for the most part they appear transversely 
cut at the inner part and obliquely cut at the outer part. The median part is 
gradually divided by a notch on its under surface into two halves. 

This part of the fornix soon (fig 40) becomes flatter and more spread out along the 
under surface of the corpus callosum, and the notch which existed on the under 
surface between the two halves of the central median portion gradually disappears. 
The lateral parts (FI) on either side, which are gradually extending, are now united 
to the central portion (F.m ) by a still narrower isthmus, which makes here a more 
pronounced sigmoid bend At the same time the shape of the lateral part alters, 
and it makes an angle where it rests on the optic thalamus. 

The median part becomes thinner and more extended laterally, so that in fig. 40 it 
forms a narrow horizontal band (Fm ) which is m contact with the under surface of 
the corpus callosum for its middle third ((7.(7), with which it becomes completely 
blended, and from which it can only be distinguished by the transversely cut 
appearance of its fibres, which are at right angles to those of the corpus callosum. 
The fibres of either side do not extend quite to the middle lme. In the lateral part 
which extends to the outer limit of the lateral ventricle the direction of the fibres is 
obliquely downwards and outwards. 

The next series of frontal sections extends from the anterior part of the pons to 
about its middle. 

In these sections the corpus callosum has increased very much in thickness, and 
along the middle two-fourths of its under surface there is an exceedingly narrow band 
of transversely cut fibres. This arrangement, which is fairly well marked at the outer 
part of the middle third of the under surface of the corpus callosum, cannot be so 
definitely made out at the median line 

When traced outwards, this narrow band is seen to be connected with the two 
lateral parts or wings of the fornix by a faint sigmoid-shaped isthmus. This narrow 
band then, is evidently the continuation of the median portion of the fornix. 

,The patera! parts of the fornix are here very well developed. They He ki the 
lateral ventricle on each side, resting on the upper free surface of the optic thalamus 
and making an angle parallel to the upper surface of that body. 
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The direction of the fibres in the lateral part is oblique m the part nearest the 
middle line, and descending outwards and downwards at the external end. Above 
them a collection of vessels is seen m the lateral ventucle lying close to the nucleus 
caudatus, this is the choroid plexus on either side, whilst below the fornix and resting 
on the upper surface of the two optic thalami, is a membrane containing numerous 
blood vessels—the velum mterpositum or the central part of the fold of pia mater 
entering the brain by the great transverse fisbure between the fornix and the optic 
thalamus. 

The lateral parts of the fornix are really what have been described as its essential 
parts, and it is the union of these two, at the middle line, which is considered to form 
what is known as the body, whilst the piolongations of these lateral portions, forwards 
and backwaids, aie known as the anterior and posterior crura respectively, and 
the latter cius subsequently becomes the taenia hippocampi or fimbria. 

As we proceed further backwards m these sections, the sigmoid isthmus becomes 
straight. At the same time, the median fibres of the fornix, in contact with the 
corpus callosum, begin to interpose themselves between its lowest layer and a fresh set 
of fibres which have a transverse direction The median tract cannot be traced com¬ 
pletely across, but on the other hand a distinct septum, here stained yellow, is 
seen following the same course as the tract, but it is quite impossible to demonstrate 
the transverse commissural fibres of the fornix. 

This layer of fibres, which is inferior to the median fornix and the septum, is the 
commencement of the splenium of the coipus callosum. If this be so, these 
transversely cut median fibres correspond to those fibies of the fornix which, in 
sagittal sections (p 182), pass between the mam part of the corpus callosum and its 
splenium. After the median fibres of the fornix have been traced into the septum 
between the corpus callosum and its splenium, they gradually diminish until they 
disappear and the lateral fibres are alone left. 

At the vertical level which we have now reached, the caudate nucleus is turning 
downwards to form the part known as its tail or surcingle, and, consequently, we can 
trace its grey matter from the part m the lateral ventricle above, to the tail m 
the descending cornu of that ventricle below. At the same time, the optic thalamus 
is almost detached from the cortical mantle, and the taenia hippocampi can be traced 
for a considerable distance downwards and outwards as it lies free m the lateral 
ventricle, between the optic thalamus and the caudate nucleus. 

In the next series of sections, the optic thalamus and the pons are completely 
Separated from the rest of the brain 

In the middle line, the corpus callosum is separated into two parts by a horizontal 
septum, viz., into the posterior part of the body and the splenium Connected with 
this septum are the fibres of the fornix (which immediately becomes very much 
enlarged), passmg outwards and downwards, in a thick bundle, to the cornu 
Ammonis. 
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The fornix, at its commencement here, lies to the outside of the spleniuin of 
the corpus callosum, whose fibres end abruptly at their outer part, and are stained 
a much deepeL colour than the fibres of the fornix, and no communication can be 
traced between them 

We have reached here the vertical level where the main portion of the lateral 
ventricle is m direct communication with its inferior cornu, and it is along this 
communication that the fornix or tsema hippocampi can now be traced Its fibres 
have a distinctly downward course, and on reaching the comu Ammonis some of 
them enter the cell-layer of the cortex, while some of its outer fibres are prolonged 
along the outer suiface of the comu Ammonis, i e , that turned towards the lateral 
ventricle 

These last-named fibres form the alveus, and prolongations are sent from them 
into the cell-layer of the comu Ammonis The direction of these fibres at the upper 
part of the alveus, is from the cortex outwards and downwards , at the middle part 
they are transversely cut across, and at the lowest part, they assume a direction 
downwards and inwards from the cortex. They end m the bulbous-shaped fibres 
of the subiculum comu Ammonis or, in other words, the central white matter of the 
temporo-sphenoidal lobe. In a more anterior section (fig. 40) these fibres (Alv.) turn 
downwards through the cingulum ( Cmg. p.) into the cortex of the temporo-sphenoidal 
lobe. 

In another fronto-oblique section (fig. 41, right half) the corpus callosum ((7.(7.) is 
seen as a very wide mass of fibres Here the posterior pillar of the fornix (fig. 41, 
right, Fp.) is seen as a thick band springing from the middle of the corpus callosum, 
i e, between its main part and the splenium, and coursing downwards along the 
lateral ventricle and on the outer surface of the optic thalamus to the cornu Ammonis 
where it is known as the fimbria (Fimb ), whilst on the other half of the section 
(fig. 41, left) which is the more posterior, the forceps major springs direct from the 
splenium. 

The direction of the fibres of the fornix is a downward one corresponding to the 
long axis of its descending part. 

Here again attention must be called to the difference m the depth of stammg 
between the fornix and the callosal fibres, the light tint of the former being m 
marked contrast to the dark stammg of the latter 

In fronto-oblique sections (figs. 42, 43, 44, right) through the posterior part of the 
corpora quadrigemina the descending pillar of the fornix and the forceps major of the 
corpus callosum (Fp., Spl) are m close apposition along tire inner wall of the lateral 
ventricle. The fornix can be distinguished from the latter by its faint stammg 
.a&d by its apparent origin from the middle of the v corpus callosum, whilst the 
iforceps major os the direct continuation downwards and outwards of the splenium, and 
iriltame'd as^dqeply as the rest of the corpus callosum. Therefore, as in sagittal 
seoffqnk the descending pillar of the fornix lies just in front of the splenium and its 
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forceps major, so that m making a series of fronto-obhque sections from before back 
we at first cut through the fornix and behind that the splenium with its forceps 
major. It must be remembered that the descending pillar of the fornix is prolonged 
like a sheet along the whole length of the cornu Ammonis m the descending cornu of 
the lateral ventricle 

We thus see m fronto-obhque sections, that the fornix is gradually encroached upon 
by the splenium and forceps major as we pass backwards, until at the level where the 
gyrus fornicatus has jomed the gyrus hippocampi, the fornix has almost quite 
disappeared (fig 45, light) 

In the next level (fig 41, left) the fornix has entirely disappeared, and m its place 
is the forceps major (F M) 

Summary —As has been alieady mentioned, the part of the fornix here described 
includes the body, forming the highest part of the arch and the posterior crura As 
the anterior crura will not be described, the account here given refers to the fornix 
after it has emerged fiom the septum lucidum to pass backwards as well as its 
arrangement m this part of the grey matter just before leaving it 

While in the septum lucidum the fornix appears as a single tiact of fibres (fronto- 
obhque sections), but just before leaving this structure it can be seen to separate into 
two sets of fibres, viz —(l) a median, (2) a lateral part. 

The median part of one side is (frontal sections) joined to the corresponding part of 
the other side, being separated by a septum or raphe The median fibres of opposite 
sides, together with the remains of the posterior part of the septum lucidum, form 
a structure which is as thick m a vertical direction as the corpus callosum. On 
either side the lateral part of the formx is almost separated off* from the median part, 
being merely attached by a narrow sigmoid band Traced backwards the median 
fibres of either side, which throughout have a horizontal antero-posterior duection, 
are flattened horizontally along the under surface of the coipus callosum, and whereas 
the fibres of opposite sides were in contact with each other m front of the splenium, 
they gradually separate and pass mto the septum between the corpus callosum 
and its splenium, and they can be traced into the substance of the corpus callosum 
(sagittal sections) m the septum as far as its upper and posterior surface, but 
how they leave this structure it is not possible to say In the sagittal sections of a 
brain of the Monkey already referred to (p 161), fibres can be discerned passing 
through the corpus callosum almost like septa between the cut-across callosa] fibres, 
and they are very similar to the course of the median fibres of the fornix m the 
corpus callosum of the Marmoset. But when these fibres are traced m the Monkey 
to the posterior and upper bordei of the corpus callosum, they appear to pass out of 
this body, and also at first to turn backwards and join the fibres of the cingulum, but 
on examination with higher powers of the microscope (C, Zeiss), it is not possible to 
make out a true connection between the two sets of fibres, the relations between them 
being more of the natuie of a decussation. This appearance is only seen in the 
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sagittal section, where only a small piece of the cingulum remains m front of the 
posterior end of the corpus callosum 

It is probable that these are the fibres refeired to by Meynert and by Hugtjenin 
(see p. 181), as coming from the cingulum and passing through the corpus callosum to 
join the body of the fornix and so proceeding forwards. Whether they do come from 
the cingulum is, I think, not to be demonstrated. I am unable to find that either 
Meynert or Hugtjenin describe these fibres, which pass through the corpus callosum 
as a separate median bundle, remaining distinct as far forward as the septum lucidum 
from the lateral fibres coming up from the posterior cruia 

The lateral fibres of the fornix form that part which is usually described as the 
body its shape is at first rounded , it then becomes flattened m a horizontal direc¬ 
tion, and diverges from the middle line, lying on the optic thalamus and between this 
and the caudate nucleus And whereas the median part of the fornix is attached-to 
the under surface of the mam part of the corpus callosum, the lateral part is free 
m the lateral ventricle (frontal sections) 

On reaching the splenmm the lateral part of the fornix descends in front of this 
structure, lying between it and the optic thalamus 

It is here rather difficult to separate the fornix from the splemum and its forceps 
major, which lie directly behind it, but the difference in staining by Weigert’s 
method between the two is so marked that it gives considerable assistance. More¬ 
over (fronto-oblique sections) the fornix appears to arise from the septum between 
the two parts of the corpus callosum, whereas the splemum is continued directly into 
its forceps major. 

The descending part of the fornix, known as its posterior or descending pillar oi 
crus, can be traced forwards along the descending cornu of the lateral ventricle to the 
anterior part of the hippocampus major or cornu Ammonis In this course it is 
known as the tsenia hippocampi or fimbria. It will thus be seen that the lateral part 
of the fornix forms a sheet of fibres extending the whole width of the lateral ventricle 
of each side, and this sheet becomes narrowed as it descends this cavity, being collected 
into the cord-like fimbria, from which again a very thm sheet, the alveus, is spread 
over all the cornu Ammonis. 

Having now described the general arrangement of this part of the fornix it will be 
advisable to give a more minute account of the direction of its fibres, and their relation 
to the cortex of the cornu Ammonis. 

In the body of the fornix the fibres of the median part are very irregular in direc¬ 
tion, hut for the most part they have an antero-posterior course. In the lateral part 
he fibres m sagittal sections appear in short lengths which have a direction down- 
$afds, outwards, and backwards, while forming the body they have no connection with 
surrounding grey matter, except the septum lucidum in front. 

'^f^.ppsterior forms a roundish tract (knob-shaped on cross section) which takes 
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the course of the descending cornu, its fibres having at first a direction downwards and 
backwards, and then downwards and forwards 

When the fornix reaches the antero-super]or surface of the cornu Ammonis, it 
forms the fimbria and sends fibres into the coitex, and also a leash of fibies round the 
ventricular surface of the cornu Ammonis to the subiculum, this foims the alveus 
We thus see that the cornu Am moms is sui rounded on three of its sides, viz, the 
sup ero-anterior, external, and mfero-postenor, as well as on its antenor limit, by the 
different parts of the fornix, % e , the fimbria and alveus, which thus form a con¬ 
tinuous sheet of white matter over those sui faces of the cornu Ammonis 

It is therefore not difficult, by examining frontal and horizontal sections, to explain 
how m sagittal sections made through the outer part of the cornu Ammonis, we see 
this structure to be oblong m shape, to dimmish as we proceed outwards, and to 
be surrounded by a layer of fibres, the alveus In sagittal sections the cornu lessens 
m extent from above downwards, from the fact that, as we descend m horizontal 
sections, it projects more into the lateral ventricle, and this lower part would there¬ 
fore be the last to disappear m sagittal sections made successively from within 
outwards 

The direction of the fibres of the fimbria and the alveus is important, and it can 
only be made out by careful examination m all the three planes To begin posteriorly, 
the fibres of the fimbria m sagittal and fronto-obhque sections (figs 11, 43) run m the 
plane of the latter section, i.e , downwards and backwards, they are continued into 
the alveus m the same plane as far as the inferior surface of the cornu Ammonis, where 
the direction becomes more obliquely antero-postenor. It was found so very difficult 
to combine the appearances of the fimbria and the alveus into one mental picture, that 
it was necessary to make a model of the cornu Ammonis, and arrange the fibres 
according to their appearances already seen m the various planes On doing this it 
appears that the fimbria forms a tract of fibres along the antero-supenor aspect of the 
cornu Ammonis, having a direction parallel to its cortex, into which offsets are sent 
downwards and forwards as far as the horizontal level through the inferior surface of 
the occipital lobe, here (as seen m horizontal sections) the direction of the fibres 
changes, and they then course from the cortex of the cornu Ammonis forwards and 
then downwards round the anterior extremity of this structure, to end m the cortex 
on the inferior surface of the temporo-sphenoidal lobe, these fibies, m front of the 
cornu Ammonis, are really part of the alveus, which has the following arrangement.— 
At the posterior end of the cornu Ammonis, as stated above, some of the fibres from 
the fimbria pass into the alveus, and wind round the outer surface of this cortex to its 
under surface, where they are directed forwards and downwards, in front of this part 
the alveus receives fibres from the cortex of the cornu Ammonis, around which it 
winds till the under surface is reached, when the fibres turn downwards towards the 
cortex of the under surface of the temporo-sphenoidal lobe 
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It would thus appear that, whereas the direction of the fibres of the fimbria is from 
behind forwards into the cell-layer of the cornu Ammonis, the direction of the alveus 
is from this coitex downwards to end m the medullary centre of the inferior surface 
of the temporo-sphenoidal lobe 

A few words must now he said with regard to the transverse fibres of the fornix, 
which have been described by authors as forming a commissure between the cornu 
Ammonis of opposite sides It was remarked, m describing the fornix m the three 
diff erent planes, how difficult it was to separate the splemum from the fornix, which 
lay beneath and m fiont of it This was particularly the case with the horizontal and 
fionto-oblique planes (of figs 30, and 44 right), where it was only possible to arnve 
at some separation between the two sets of fibres by the difference m the amount of 
staining by Weigert’s method On looking at sagittal sections near the middle line 
(figs 1 to 4), it will be found that no transverse fibres exist m the neighbourhood of 
the posterior part of the body of the fornix except those of the splemum I can only 
suggest that the transverse fibres seen m the horizontal sections may pass across to 
the opposite side with the splemum proper, and these may form the anterior and 
inferior part of the triangular bundle of the splemum (fig. 4) which is stained a 
much paler tint than the rest of the fibres, and be commissural between the cornua 
Ammonis of opposite sides, for no fibres can be traced into them from the forceps 
major. It must be stated that no transverse fibres of the fornix could be traced 
across the middle line in frontal sections. 

I would again call attention to the manner m which the fornix is stained by 
Weigert’s haematoxylin method. In all the sections made m different planes, and of 
course from different brains, the fornix is always stained of a much lighter tint than 
that of the internal capsule and the corpus callosum. Whether this is due to a less 
development of the myeline sheath—the structure stained by the hsematoxylm—I am 
not prepared to say, but it does not seem to he caused by a looser aggregation of the 
fibres, as individual fibres of the internal capsule are as deeply stained as when they 
are m compact bundles. In connection with this subject it is interesting to note the 
structure known as the taenia semicircularis, which lies m the floor of the lateral 
ventricle between the caudate nucleus and the optic thalamus, just outside the body 
of the fornix. It is seen as a round bundle of fibres m sagittal and frontal sections 
(figs. 5-10, 40, T 8) and as a narrow band m horizontal sections (fig 23, T S) which 
is exceedingly faintly stained, just m front of the fornix and between this and the 
tail of the caudate nucleus, and it seems to consist of little more than fibrous tissue. 
It is suggested that it is fihe degenerated remains of a structure once more highly 
developed We therefore appear to have three sets of fibres differing m their powers 
o£ being stained by this method, viz, those which are strongly coloured, as the corpus 
c|ffpsum; those which are less well stained, the fornix and also the cingulum, and 
those ;whiQh are hardly stained at all, the taenia semicircularis. 
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(The same letters apply to all the figures ) 

Alv Alveus of Cornu Ammonis 
a ~1 f anterior pait 

h L Cingulum < horizontal part 
p J [ posterior part 

C A Cornu Ammonis or Hippocampus Major. 

C C Body of Corpus Callosum 
FM Forceps major posterior of Corpus Callosum 
Spl Splemum of Corpus Callosum. 

Spl' The part intermediate between the Body and the Splemum 
Tap Tapetum of Corpus Callosum 
C.E Capsula Externa 
Cf Calcarine fibres 
Cg e Corpus gemculatum externum 
CI Capsula Interna 
CN Caudate Nucleus 
c n Tail of Caudate Nucleus or Surcingle 
C q. Corpora quadngemma 
C R, Corona Badiata. 

Cer Cerebellum 
Cr Crus Cerebri 
F Fornix 

F i Fibres of Fornix internal to Optic Thalamus 
F l. Lateial fibres of Fornix 
Fm Median fibres of Fornix 
Fp Posterior descending pillar or crus of Fornix 
Firnb Fimbna or Taenia Hippocampi of Cornu Ammonis 
F G. Fissura Calcarina 
For M Foramen Monroi. 

G F Gyrus Fornicatus 

BJj Hippocampal Lobule containing the Nucleus Amygdalae. 
JB.S Hippocampal or Dentate Sulcus. 

L N Lenticular Nucleus 
L V. Lateral Ventricle 

L.V.d. Descending Cornu of Lateial Ventricle. 

LVp Posterior Cornu of Lateral Ventricle. 



198 DU C E BEEVOR ON THE FIBRES OF THE CINGULUM; AND THE 


0 Ch Optic Chiasma 
0 T Optic Thalamus 
01 Optic tract. 

S F Fissure of Sylvius. 

Sf Superficial fibres of Gyrus Fornicatus and Gyrus Hippocampi, or super¬ 
ficial medullary lamma. 

S L Septum Lucidum 
T S Taenia Semicirculans. 


Description oe the Figures 
PLATE 20 

Figs 1-4.—Photographs of microscopic sections of the brain of the Marmoset 
{Hapale penicillata) cut m the sagittal direction and stained by Pal’s 
heematoxylm method The medullated fibres are stained black, and the 
grey matter is of a grey colour Fig. 1 is made a short distance from the 
middle line, and the other sections are external to it. Magnified three 
diameters. 


PLATE 21 

Figs 5-10.—Photographs of similar sections of Hapale penicillata. Sagittal direction. 
Stained by Weigert’s method. Magnified three diameters 


PLATE 22. 

Figs II and 12,—Photographs of sections of Hapale penicillata, sagittal direction. 
Stained by Pal’s method Magnified two diameters. 

Figs. 5-12 represent levels progressing gradually outwards. 


PLATE 22. 

Figs 13-15.—Photographs of sections of the right hemisphere of Hapale jactans. 
Horizontal direction. Stained by Weigert’s method. Magnified two 
diameters. 

Fig 13 is the most superior, and is taken a short distance below the 
highest point of the centrum ovale. 
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PLATES 22, 23 

Figs 16-34—Photographs of sections of the right hemisphere of Hapale jactans 
Horizontal direction Stained by "W eigert’s method Magnified two 
diameters 

A greater interval exists between figs 22 and 24 than m the other 
figures 

PLATE 23 

Figs 35-38 —Photographs of sections of the right hemisphere of Hapale penicillata 
Honzontal direction. Stained by Pal j s method. Magnified two diameters 

PLATE 24 

Figs. 39 and 40 —Photographs of sections of the brain of Hapcde jactans Fiontal 
direction. Stained by Weigert’s method in loto 

Fig. 39 is taken through the optic chiasma , fig 40 is immediately 
anterior to the pons Varolii. Magnified two diameters 

PLATE 24 

Figs 41—45 —Photographs of sections through the corpora quadngemina of the brain 
of Hapale penicillata Fronto-oblique direction Stained by Weigerts 

method Magnified two diameters 

The two hemispheres are not cut at quite the same level, the right being 
more anterior than the left, so that the right half of fig 45 is anterior to the 
left half of fig 41, thus giving the appearance of ten levels from before 
backwards 

N p,—Jn fig 29 the line flora F.M should be continued to the white dot behind 
the cornu Aminoms 

In fig 34 the line from F M. is earned too fai beyond the forceps major to the 

cingulum, which the line fiom Cmg.p. should reach 

In fig 39 the line from iF in should be continued to the white dot m the foinix 
beneath the corpus callosum to which it pomts, while the line from G C should be 
continued on to the corpus callosum , the line from FI. ends at the eighth white dot, 
and external to it is a black dot, where the line from L V should end 

In fig 40 the lme from L V. should be continued to the dot internal to the lme 

from c n 

In fig 41 the lme from Spl should be continued to the white dot on the mfenoi 
part of the corpus callosum . the lme from F D ends m the eighth and not the sixth 
white dot, the lme from F.C ends m the black dot on the grey background, the 
line from II.S. ends m the sixth white dot 
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Introduction 

For some time we have made mtra-cramal pressuie the subject of an enquiry. The 
present papei deals with the effect upon the circulation and respiration of an increase 
of such mtra-cranial pressure Our object is to indicate how the degree of the mtia- 
cramal tension may be estimated by changes m the pulse and breathing, whether a 
prognosis may be formed as to the termination of the condition, and whether the 
effect is due to gradual loss of function of the lower part of the medulla. 

Until lately, the pulse and breathing have yielded signs, the meaning of which was 
uncertain, thus the pulse, it is said, may be slow and of low tension, or again, m 
severe cases, quicker than normal and of high tension The respiration also, is 
sometimes noted as being stertorous, or of tfre “ Cheyne-Stokes ” rhythm. But 
although death frequently comes by arrest of respiration in turnouts of the bram, 
whilst the heart may continue to beat for five, ten, or even thirty minutes after, little has 
been recorded concerning the abnormal rhythm of respiration preceding its arrest; we 

* The expenses of tins investigation were defiayed by $ part of a grant of money made by the Royal 
Society 

f I wish to take this opportunity of saying that the bulk of the labour of making and collating the 
records m this researoh has been perfoimed by Mr Spencer —V H 
MDCCCXCI —B 2 D 
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therefore arranged oar experimental method so as to investigate these phenomena in 
their entnety It is impossible to give a full explanation of all the results we have 
obtained, because the functions of the medulla are not yet fully understood, and 
therefore, whatever hypotheses we have advanced on these points m this paper, have 
been inserted merely for the sake of clearness, and are fully open, of course, to future 
revision However, the recorded tracings of all the experiments show so clearly that 
a diminished activity of the medulla occurs as a definite sequence of events contem- 
poianeously with increase m the mtia-cranial pressure, that we regard this fundamental 
fact to be established , theiefore the value of the results, as regards the estimation of 
the effect of increased piessuie, is independent of exact knowledge of the mode 
of their production Further, we believe that our experiments have an impoitant 
general beaiing, in that they show how the three “ centres ” regulating the heart rate, 
the blood pressure, and the respiration, can be impeded or arrested, either together, or 
almost separately, and consequently the varying influences they have the one on the 
other can be estimated with an approximation to accuracy, 

2 Historical Retrospect. 

Of course an immense number of researches have been made in investigation of the 
general subject of mtra-cranial pressure and compression of the brain, bub for the 
present purpose, with the view of avoiding confusion, we have selected only those 
observations which directly bear on the object of the present communication 

Lorry, m a reseaich, # compressed the skulls of young animals and produced 
unconsciousness Also, he inserted a curved instillment through the membrana 
obturatona. When he pressed the cerebellum down on the medulla the animal fell 
into a deep sleep, when he turned the instrument round and touched the upper end 
of the spmal cord, the animal awoke and became convulsed, 

Astley Cooper! made a very suggestive experiment bearing on this point, he 
trephined a Dog and pressed with his finger upon the dura mater, the Dog became 
insensible, then comatose, and the pulse slow. When the pressure was relaxed the 
animal recovered consciousness completely, 

LeydenJ was the first to record the changes in blood pressure by a series of 
experiments, m which he raised the mtra-cranial pressure with a piston fitting into a 
collar which had been screwed into the skull, the pressure on the piston being 
measured by a column of mercury. He noted the slowing of the pulse and, later on, 
its great rapidity, also the deep stertorous respiration, its final arrest, and the effects 
of division of the vagi on the pulse rate, 

*“Sur lea Mouvemena du Cerveau et de la Dure-mere, 2 1UB Memoire ’* c M6moires de ltAoaddmie 
des Sciences — Sav Ebrang yoL 3, 1760, p 344 
f ‘Lectures on Surgery,’ 1824, vol 1, p 300. 

X Yirchow’s ‘ Arclnv,’ 1866, vol 37 
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Duret* injected wax m order to increase the mtra-cramal pressure In one 
experiment, when he injected a large quantity of wax into the cranial cavity of a Dog, 
respiration ceased, hut as soon as the occipito-atlantal ligament (membrana obturatoria) 
was incised, the subarachnoid fluid spurted out m a stream, 50 to 60 mm high, and 
the Dog began to bieathe again Duret also found that when the pressure of the 
injected fluid was mcieased from 18 to 27 mm Hg, the pulse frequently sank from 83 
to 13, and the blood pressure mci eased to 160-220 mm Hg, or even higher, and 
further, that when the pressure of the injection was 27 to 33 mm. Hg, the pulse 
increased in fiequency Diminution of the mtra-cramal space amounting to 5 per 
cent of its content, when the injection was subdmal, produced somnolence and 
coma, and 8 per cent decrease of the space produced death m a few horns 

PAGENSTECHERt found that the cranial cavity could be leduced by wax measuring 
2 9 per cent, of its content, or even in some cases 6 5 per cent, without any 
symptoms being caused 

Francois FranckJ made a series of experiments which showed that (1) a sudden 
increase of pressure m the mtra-cramal arterioles produced slowing of the heart 
beats, (2) the increase of mtra-carchac pressure had the same result 

For this experiment he isolated the cerebral circulation m the Dog by ligature of 
the four aitenes m the neck and kept up an artificial circulation of defibrmated blood 
through the brain When a regular rhythm of the heart appeared he raised the 
pressure of the cndilation through the distal end of the carotid by 4 cm Hg The 
result was an arrest of the heart with a great fall of blood pressure. The arrest of 
the heart lasted three seconds and then the beats regained their former fiequency 
He further found that, even when the ceiebral circulation was not cut off, if defibrm- 
ated blood were sharply injected into the penpheial end of the carotid m a Dog an 
arrest of the heart could be produced, and that when the artificial circulation was m 
action the result of obstruction to the outflow through the jugular veins was the 
same as when the pressure of the inflowing fluid was raised 
He also raised the mtra-cianial pressure m another way. 

He screwed into a trephine hole a collar which was closed below by a membrane of 
caoutchouc and which was connected at the external end to a pressure bottle and mano¬ 
meter. Fie employed air .as the agent of compression, the membrane preventing the 
air from reaching the veins, and at the same time, by distending, providing for the 
required diminution of the mtra-cramal space He found that gradual compression of 
the surface of the brain produced slowing of the heart and of the respiratory 
movements These effects were produced before the height of the compression 
reached that of* the blood pressure 


* £ Tiaumatismes CAebraux,’ Pans, 1878 

f ‘Expenmente und Studien dber Grehirndruck,’ Heidelberg, 1871 
J ! Travaux du Laboratoue Marey ’ 
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Bergmann* injected wax and found the pulse became slower as 3 is to 1 2, oi as 
3 is to 1, and that the blood pressure was slightly raised above the normal as 1 is to 
1% or as 1 to 1 2 The ascent and descent of the blood pressuie with each heart 
beat was greater than normal, and the apex of each curve more rounded, owing to 
the prolongation of the systole After division of the vagi the injection of wax 
produced still greater rise of the general blood pressure Bergmann also observed 
the result of compressing a sacral meningocele m a Child The Child, at first restless, 
passed into a deep sleep, while with further compression the slow respiration became 
irregular. Finally the respiration was arrested for ten to twelve seconds, and then 
began as in " Cheyne-Stokes ” respiration, to end m another pause Meanwhile the 
pulse sank from 120 or 100 to 50 or 40 

Naunyn and Schreiber.I —These authors produced general increase of subdural 
and subarachnoid tension by injecting fluid under known pressure as measured by a 
mercury column If they applied rapidly a severe pressure the pulse rate notably 
slowed and the respiration gradually disappeared, the respiration usually slowing 
before the heart If the pressure were slight and applied slowly the respiration 
became slowed but did not cease, and the blood pressure was raised If the pressuie 
were continued and increased the respiration gradually stopped as before, and it was 
occasionally necessary to employ artificial respiration to prevent a fatal termination 
They noticed vasomotor carves of various kinds, the chief of which wore (J) rhythmical 
variations in the mean pressure, and (2) curves commencing while the heart was 
slowed and disappearing as soon as the pressuie was taken off They never seem to 
have got the true acceleration of the heart after long continued and severe pi ensure. 
With the slowing of the heart they do not appear to have caused much fall of blood 
pressure nor arrest of the heart, apparently the rise of blood pressure generally 
obtained was aided by the large amount of fluid which was perfused into the animal. 
Thus as much as 400 c.c passed into a Dog of 9j kilos in hour 

Schulte found m a Babbit that when the mtra-cranial pressure was i aised to 
140 mm. Hg, by injection of salt solution, arrest of respiration took place. When the 
pressure was below that of the blood all that was obtained was a small rise of the 
blood pressure. When this was continued, exaggerated and slowed vagal heart 
heats were produced. This slowing of the heart beat was converted into acceleration 
when the blood pressure fell and a fatal termination appeared imminent. He 
ascribed this to simultaneous paralysis of the vagal and vasomotor centres. 

He like Pagekstecher and Duret, further found that the symptoms of intra-cranial 
pressure were produced when the cranial content was dimmished by more than six to 
seven per cent 


* “ Kopfverletzungen,’’ ‘ Deutsche Ghirurgie/ Stuttgart, vol. 30, 1886, 
t ‘ Archiv iur Experimeutolle Pathologie und Pharmakologie,’ 1881, vol 14, r>. 1. 
| ‘ Arohiv fUr Khnische Chirurgie,’ 1886, vol. 32, p, 465, 
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Schwartze - * compressed the skull in young animals (Rabbits) and observed the 
heart directly thiough an opening m the thorax, artificial respiration being maintained 
He found that increase of mtra-cranial pressure produced, without damage to 
meninges or cerebrum, immediate and marked slowing of the heart. 

3 Anatomical and Physiological Considerations 

Before commencing a descnption of the methods we employed and the results 
obtained, it is absolutely necessary to discuss certain considerations respecting the 
various anatomical alteiations produced by the increase of pressure, as well as the 
probable manner m which such piessure acted, both directly upon the surface of the 
brain, and indirectly upon deeper parts at a distance, e g , the bulb, &c , reflex effects 
being excluded by the anaesthesia 

The skull and spinal column enclose the brai n and cord in a rigid cavity perforated 
by numerous holes. During life blood enters by the arteries and escapes by the 
veins, the cerebro-spmal fluid being drained off by the numerous lymphatics (vide 
Axel-Key and RetziusI) which pass out through the foramina along with the 
nerves and other structures Between the arterial circulation and that m the veins, 
and the lymph of the lymphatics, is placed the subarachnoid fluid 

The subarachnoid space is continuous throughout the cranium and fieely com¬ 
municates through the foramen magnum with the space m the spinal cord An 
increase of the subarachnoid fluid pressure is well known to render its absorption 
more lapid, at the same time that the tiansudation of fluid from the capillaries is 
diminished Hence, when the pressure of the subarachnoid fluid is raised there will 
be a tendency to return to the normal tension If the mcieased pressuie be due to 
part of the subarachnoid space being occupied by a foreign body, then the letuin to 
the normal tension will be reached as soon as an amount of subarachnoid fluid, 
corresponding to the volume of the subaiachnoid space occupied by the foreign body, 
has been removed by absorption If the subarachnoid fluid pressure be raised it may 
reach the height of the blood pressure m the capillaries supplying the cells of the 
cortex of the brain If the pressure m the subarachnoid space pass beyond this 
point it will dimmish the blood supply to the cortical cells, and if increased further, 
the capillaries will become obliterated, and so the circulation in the cortex be cut off 
altogether 

Here then we have at once a mode m which by general mciease of the intra-cranial 
pressure, ^ e , of the cerebro-spmal fluid, failure of the function of the nerve cells m 
the cortex is produced This also applies, no doubt, to the grey matter of the central 
ventnculai axis, and we believe this to occur, the more especially since the valuable 

* ‘ Arclnv fur Gynakologie,’ 1870, yoI 1 , p 36 

f ‘ Stud i en m der An atom le des Nervensystems,’ 1st part, Stockholm, 1875 
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results obtained by Duret* (and from which he denved his piinciple of “choc 
cephalo-rachidien ”) give evidence of the communication by the cerebio-spmal fluid 
filling the central canal, translating the pressure applied on the outside to the centres 
m the grey matter lining the ventucles 

Bearing closely on this point, but also far more on the next to be discussed, aie the 
researches made by GrasheyI into the coinpiessibility of the brain substance These 
show at once that the effect of general increase in the mtia-cianial pressure must be 
the speedy communication of the same to the centres in the flooi of the fourth 
ventucle 

But it also occuned to us that another and totally different modus operandi of 
pressuie, producing changes m the circulation and lespiration, might be found m the 
direct pressure of the biam substance transmitted, like all pressure m solid bodies, m 
a straight line to the bulb, ?.e, to the nerve corpuscles constituting the vagal and 
other nuclei ] 

If such direct pressure he produced eithei by a foreign body, by depression of the 
skull, or by hsemoirhage, the circulation in the part of the brain compressed is 
impaired. If the force of compression be less than the blood pressure m the capil¬ 
laries, the circulation will be only impeded, if greater than that in the capillaries, the 
circulation will of couise he cut off 

Bearing upon tins point, we may now mention that m a series of experiments not 
yet published, in which vaiying pressures were made on a circumscribed portion of 
the cerebral cortex by discs of glass inserted under antiseptic precautions, we observed 
that apparently m some instances compensation on the part of the cerebro-spinal 
fluid enabled the capillary circulation to he completely restored. This introduces at 
once a new factor for consideration under the present heading, viz , the question of 
the time interval required for the fulfilment of such compensation. In the researches 
which are the subject of the present paper, we have not regarded this important point 
with so much consideration as the more important one of determining what are the 
gravest, % e , the severest alterations in the circulation and respiration produced by 
rapid mciease of the intra-cramal pressure 

These points being clear, there remains yet another possible way m which the 
blood supply to a compressed part may be provided for, besides that by compensation 
for the subarachnoid fluid, Thus we have reason to believe that we have seen 
circulatory compensation brought about by a rise m the general blood pressure, and 


* Loco citato 

t ‘‘Ueber Hirndruck-andHiim-CompresBibilitat ” ‘ Sitzungsbenchte der Pliysico-medicinischen Gesell- 
sebaftzu 'Wurzburg, 5 1885, p 139, and ‘ Allgem ©me Zeifcschrift fur Psychiatric ’ Berlin, 1886, vol 43, 
p, 276 

t Tban^ois Franck (v. “History”) suggested in 1877 that the effects observed were probably due to 
“factum imScamque de la compression sur les 61 Aments nervenx efc a un degr6 plus avanc6 l’anAcme 
enefipkaliqne ume I, la premiere influence qui I’a d^terminee et qm continue a s’exercer,” 
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consequently a lestoration of function effected m spite of the persistence of the 
compression. 

We have alluded above to the direct communication thiough the brain substance m 
accordance with the laws of the transmission of pressure through solid bodies. It 
will have occurred to some who have studied this question that notice should bo 
taken of the possibility of the cerebral hemisphere, if not the whole brain, moving 
en masse when pressure is applied in the cranial cavity at any particular point 
This implies the possibility, for example, of pressure on the fore part of the bram, 
driving the fore part of the brain back on the occipital part, and this latter on the 
tentorium. This leads necessarily to the possibility of the tentorium interfering 
notably to the protection of the subtentorial part from pressure m the region of the 
cortex 

All these considerations will receive m the description of our results a detailed 
analysis 

4 Modes of Investigation. 

Animals —We have used Dogs mainly, but we have also used a few Monkeys 
(almost invariably Macacus rhesus , more rarely Macacus simcus), and we hope to 
extend our researches on Monkeys m order to make them more closely analogous to 
diseased conditions m Man. 

Ancesthetic —We have employed m all cases complete anaesthesia. There is, there¬ 
fore, an absence of all changes due to consciousness, reflex effects, or convulsions 
Ether has been the anaesthetic used, the circulation and respiration having been 
steadily maintained along with complete anaesthesia The Dog was first rendered 
unconscious by a mixture of equal parts of ether and chloroform Then a tube was 
placed in the trachea, to which a rubber tube was attached, and at the other end of 
the rubber tube a funnel An ordinary sponge-bag, half full of cotton wool, received 
the ether, and the funnel was inserted into the sponge-bag By drawing the neck 
of the bag around the funnel to varying degiees of tightness, we found that we could 
regulate the proportion of aii to ether In this way the narcosis can be regularly 
maintained m the Dog with a moderate amount of ether Furthermore, artificial 
respnation was supplied through the trachea tube when required. 

Mode of Recording the Respiratory Movements .—We recorded the movements of 
the lower part of the thoiax by means of a Paul Bert’s respiratory drum and 
tambour This gives, of course, correctly the expansion, &c., of the chest, but does 
not differentiate between the action of the diaphragm and of the other respiratory 
muscles. In all our tracings, the up stroke of the lever takes place m inspiration, and 
the down stroke in expiration. 

Mode of Recording the Circulation —A recording mercury manometer was used for 
this purpose, connected with a cannula m the carotid We also, occasionally, used a 
Pick's spring kymograph, but since every forcible heart-beat produced a violent 
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excursion of the lever, an accurate tracing was scarcely possible when the blood 
pressuie lose very high We consequently confined ourselves to the use of the 
mercurial manometer Since we found that clotting frequently took place m the 
femoral, especially when the venosity of the blood was increased, or when there weie 
great changes in blood pressure, we put the cannula m the carotid on the caidiac 
side The cutting-off of one carotid does not, we believe, materially diminish the 
circulation m the brain of the Dog The writing point of the manometer was placed 
vertically above or below that of the respiratory lever when at rest 

The respiratory and manometer traces were simultaneously taken on a three-metie 
continuous travelling smoked surface, so that the whole course of the experiment, 
from the application of the compression to its removal and the reoovery from its 
influence, could be included The rate was about 14 5 cm. per minute, and each trace is 
to be read from left to right. 

Method of Raising the Intra-cramal Pressure —After various attempts, we found 
the following the most satisfactory :—Thin-walled, easily-distensible india-rubber bags 
were obtained, both pear-shaped and globular. Each bag was continuous at its neck 
with a stiff steel thm-metal tube, about 12 cm long and 3 mm diametei The 
other end of the metal tube was connected with the lower end of a burette by means 
of very thick-walled rubber tubing, which was not distensible with the pressure we 
employed The burette was filled with meicury after all air had been exhausted 
from the rubber bag and tubing, so that when the hag was held at the level of the 
surface of the mercury m the burette, or rather above the level, the vacuum m the 
bag made it occupy the smallest possible space When the burette containing the 
mercury was laised above the level of the bag, the bag immediately became distended 
by the mercury, and when the mercury was lowered, the bag of course immediately 
collapsed If the distension of the bag were unimpeded, only a very small column of 
mercury was necessary to distend it, on account of the elasticity of the rubber There¬ 
fore, when the hag was introduced into the closed skull, the amount of force required 
for the mere distension was neglected, as being so extremely small Consequently, it 
follows that the degree to which the mercury sank m the burette, and the height of 
the level of the mercury above the surface of the brain, accurately represented 
respectively the volume of the distended bag and the degree of pressure employed. 
Thus the distension of the hag diminished the cranial content, and the amount of 
diminution was indicated m cubic centimetres by the amount of meroury winch had 
escaped from the burette In this way pressure on the brain could be applied slowly 
or rapidly, at will, to any desired amount as measured m millimetres of mercury ; 
and by lowering the mercury column below the level of the bag, all compression of 
the brain could be instantly removed, and the bag leduoed to occupy an inappreciable 
Space on account of the vacuum thus produced m it 

The collapsed bag was inserted through a centimetre trephine hole, and was fixed 
in position by a plate of metal, perforated m the centre for the passage of the metal 
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tube attached to the bag. The plate closed the trephine hole, and prevented any 
bulging outwards of the bag or any protrusion of the brain 

The bag was inserted at various points from the supra-orbital region m front to the 
cerebellar region behind, as will be described later It was first placed between the 
skull and the dura mater, the latter remaining intact; later, between the dura mater 
and the brain; and, finally, m the substance of the bram, and where necessary in the 
cavity of the fourth ventricle. 

In order to reclose a trephine hole, a steel plug of the same diameter as the trephine 
was screwed tightly into it. 

Another method of raising the intia-cranial pressure was to compress the skull as a 
whole. This, naturally, was only possible m young animals. The intact skull m 
Puppies was compressed for this purpose in various duections, and the amount 
measured by the diminution in diameter of the skull between the points compressed 
As a matter of fact the results thus obtained did not differ materially from those 
produced by the bag pressure, and consequently are not detailed further 

The effects of intra-cranial haemorrhage were employed as a means of pressure when 
the compression by the bag had injured some vessel, which bled when the pressure 
was removed from the bag. Also, intra-cranial vessels were intentionally divided, 
and the trephine hole closed through which the division had been made. 

5 Besults. 

a General Observations 

In summarising the geneial results we have obtained, we may first advert to the 
method of experiment as we found it to work practically In the first place, if the 
bag were inserted between the bone and the dura mater, it was obvious from the slow' 
distension of the bag that the separation of the dura mater from the bone was being 
gradually accomplished. Moreover, of course the resistance of the uninjured dura 
mater is considerable, seeing that that membrane shrinks somewhat when separated 
from the bone, and does not hang loosely, except when extensively detached. We 
are thus brought to consider the results of our mcrease of intra-cranial pressure 
accordmg to the two points of view, as to whether the pressure was effected slowly or 
quickly In the following experiments it will be found that we have frequently varied 
the rate at which the additions to the intra-cranial pressure were made On the 
whole the intra-cranial pressure was applied rapidly, a maximal amount having effect 
generally within five minutes, and frequently within a much shorter interval 

We have next to consider the modes by which the increase of pressure on the one 
hand and the removal of the pressure on the other showed themselves Although the 
moments of commencmg and relaxing the pressure respectively were recorded on each 
tracing, it was from the first evident that, whereas it was comparatively easy to detect 
mdcccxci —b 2 E 
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the effects produced by the incidence of the pressure, it was by no means so easy to 
determine the mode of recovery after the pressure had been completely relaxed The 
reason of this last difficulty we must now discuss. To those who have made observa¬ 
tions on compression of the brain it will be easy to understand that, if the pressure 
applied had been considerable, and if the blood pressure were low, the brain would not 
react immediately upon the withdrawal of the pressuie This non-reaction, charac¬ 
terised by the brain remaining excavated (through the pressure of the bag, &c), is 
that which we must now analyse. From other experiments, which we shall mention 
directly, it is clear that such excavation of the brain substance cannot of itself afford 
inhibitory or excitatory impulses passing down to the respiratory and circulatory 
centres in the medulla. This view of the facts points to the effect being due to the 
mechanical principles before alluded to (See p 205 ) 

That this is true is shown also by another observation which we have made m a 
different manner, as follows If pressure were applied very slowly it was easy to 
produce a considerable amount of such excavation as that referred to, without 
bringing about any effects, or only slight effects which were easily recovered from. 

This introduces us to the consideration of the question of compensation m 
connexion with the origin of the effect. All the experiments show that a certain 
diminution in the cranial cavity has to be attained before the pressure effects begin to 
show themselves. This preliminary diminution, measured absolutely, has we find in 
most of our experiments been 5 c c This is the average absolute diminution of 
the cranial capacity which must be brought about before pressure effects appear. 
This interesting point has been made the subject of observations, notably by 
Pagenstecher and Duret. These authors approached the subject horn the point of 
view of relative diminution of the whole cavity The chances of error in making 
observations of this kind are we think considerable, and demand very special 
attention. Although we have carefully preserved all our material, viz , brains, skulls, 
&c, for this object, we have nevertheless thought it best to leave the consideration of 
the relative values until we can devote special attention to the point: we desire, 
however, to consider the matter a little further on account of the remarkable 
constancy of the phenomenon With our apparatus, the value obtained, e.g., 5 cc,, 
.must obviously mean the overcoming of certain resistances These resistances we 
believe to be 

1. Resistance to the outflow of cerebro-spinal fluid from the cranial cavity 

2. The resistance (i e , of the blood pressure) to the emptying of the blood vessels 
of the part of the brain immediately pressed upon 

3 The natural elastic resistance of the brain substance 

4 The resistance to mass displacements. 

Of the last two we Unfortunately know nothing, although we have commenced a 
research into this little known subject. Of the remaining two the resistance more 
easily overcome is that of the blood pressure 
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In this connexion we have performed a distinct series of experiments to contribute 
to our present knowledge on tlie subject, in the following manner Supposing the 
foregomg considerations to be true, it seemed clear that we could have with ease a 
control experiment if we first diminished the mtra-cranial space by some constant 
amount, and then commenced the application of pressure As might have been 
expected the effect was to render the bulbar centres extremely sensitive To such a 
degree did this sensitiveness go, when preliminary diminution of the intra-cranial space 
had been carried out, that the additional diminution of 0 5 c c or 1 c c. was sufficient 
to cause arrest of the heart 

On the other hand it became more difficult to affect the cumulation and respnation, 
or a higher column of mercury was required to distend the bag, if more than one 
trephine hole were made And this was especially the case if the dura mater were 
divided m addition, for then the brain bulged into the other tiephme holes Also if 
part of the occipital bone was removed, so that the cerebellum might bulge, or the 
occipito-atlantal ligament divided, and fluid could escape whenever the cerebrum was 
compressed, the functions of the medulla were able to recover. 

The mass displacements of the hr am referred to above we may now turn to. When 
pressure is applied to the cerebral hemisphere, especially above and in front, we have 
such displacement of the encephalon that in spite of the support given by the 
tentorium (which it is to be remembered is bony for the most part m the Carnivora) 
the cerebellum is driven through the foramen magnum. Consequently, the lemoval 
of the pressure effect is readily accomplished by trephining the occipital bone, and 
raising the vermiform process so as to lift off the compression which it is effecting 
upon the medulla. 

Direct Mechanical Influence upon the Medulla 

We are now brought to the final consideration of a very interesting question we 
raised on p 206, viz., the possibility of the pressure effect being in part due to 
excitation at the point of the brain chiefly piessed upon From the facts which we 
have related on p. 209, there was no reason to believe that such an excitatoiy effect 
existed. But we now wish to mention a direct experiment which we made m connexion 
with this subject, and that of mass displacement. The experiment consisted of 
division of the mesencephalon, after which it was found that pressure was just as 
active as before m calling forth the changes m the circulation and respiration 

The effects observed are consequently not due to any local excitation at the point 
chiefly compressed. 

b Details of Observations 

* 

The extreme difficulty of collating such an enormous number of observations as 
those which we have at our disposal has led us to adopt the following method of 
classification and arrangement of our results. 

2 e 2 
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One special feature of our expenments has been the application of pressure in 
different regions of the biam, This we have done for a special purpose which we 
do not allude to in the present paper, since we do not feel ourselves to be m possession 
of facts, even yet, whence to draw accurate inferences. However, by moving the 
point of pressure we have found that additional light has been thrown upon the subject 
of the piesent paper, for the effects obtained by the application of the pressure directly 
to the fourth ventricle have proved so clear, that we have separated them into a 
distinct class of observations, and used them to explain the results of the application 
applied to any pai t of the brain. Therefore, the first great division of our results is 
as follows.— 

Division A.—Effects of pressure applied to any pait of the cerebral and cerebellar 
hemispheres 

Division B.—Effects of pressure applied directly m the fourth ventricle 

It next became necessary to further subdivide these pntnary divisions. The way 
that seemed most feasible to us was to take some prominent phenomenon and hang, 
as it were, the observations upon it. The phenomenon in question which we selected 
was the classical one of slowing of the heart. In this way it was possible to sub¬ 
divide Division A, as follows .— 


Division A.—Pressure 
applied to any part 
of the suiface of the 
cerebrum or cere¬ 
bellum 


(1) No marked slowing of heart. 


(2) Slowing, arrest, and recovery of 
heart 


| (8) After division of the vagi. 


' H. Heart. 

Y. Blood pressure. 
It. Respiration. 

( H. Heart, 

V, Blood pressure. 
It. Itespiration. 

' IT. Heart. 

V. Blood pressure. 


{ B. Respiration, 

Division B —Pressure applied in the fourth ventricle, with consequent differentiation 
of pressure effects. 


The observations under each sub-division are grouped according as they relate to 
the heart, blood pressure, and respiration, respectively. 

These we have designated by the initials H for heart, V for blood pressure, and B 
for respiration 

We hope, therefore, m the account of our observations which we shall give imme¬ 
diately, that the headings of each sub-division will be comprehensible. 

Division A. Pressure applied to any part of the hr am. * 

(1) Pressure insufficient to produce r&arked slowing of the heart. 

H. Mato of heart. We have observed the following changes in the rate of the 
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heart beat to occur under the above circumstances A slight pressure may cause 
the same effect as that which results from putting the animal deeply under ether, 
i e., the heart rate may be diminished from 180 or 190 per minute to 130 or 120 per 
minute. 

Less pressure is required to slow the heart when there is deep etherisation, con¬ 
versely, less ether is required to arrest the respirations and slow the heart when 
pressure has already been applied. 

Intermissions m the heart heat .—Occasionally intermissions were observed imme¬ 
diately on the application of the pressure, which recurred some ten times soon after 
the commencement In the same experiment there weie also three instances of this 
during the recovery from the first application of pressure. 

The following experiment exhibits these phenomena (see Tracing I.) :— 


Tracing I 



Tlie upper line ib the Respiratory tracing, the middle that of the Time, the lower that of the Blood- 

pressure manometer 


A (1) For circumstances, vide supra. 

Y. Changes in the height of the blood pressure, and the abnormal development of 
the respiratory variations in the hlood pressure. 

a. At first these variations are very slightly marked, even with the deep 
inspirations. As the pressure increases the variations are produced, and 
the curves grow longer as the respirations become slower (see Tracing II.). 
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Tracing II 



The upper lme is the tracing of the Blood-pressure, the middle that of tho Time, and the lowor that of 

the Respiration. 


A Vasomotor curves appearing and growing longer with the increasing 
pressure. 


At the beginning there ate- ;none,, the pressure, being insufficient. But on the 
application of more pre8sur^^^^ t ,h^efethsn tend to get leas distinct. Additional 
pressure produces them ^ After all pressure has been 

removed the curves are not sI^BSBf^Sl^^K'h^^ili'ffidependent of the respiration 
and of the rate of the heart ’ 




y. Slight primary rise of blood pressure. 

A preliminary rise of the blood pressure is never well marked in the Dog, and is 
only produced by putting on an adequate pressure suddenly. In the Tracing IV. this 
was done at the points marked 300. 

In the Monkey this phenomenon of a,, primary rise instead of the usual fall is well 
marked, see Tracing V., but it-.w’oid-d-utppear to be due to some pressor influence which 
is easily lost. Thus on repeating tfe application of pressure there may he no rise. 
In the tracing after the recovery from the first application* exactly the same pressure 
was again used* hut here resulted the customary fall in the blood pressure instead 
of the rise first observed (see Tracing VI, taken from the same experiment). 
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Tracing IV 



The upper line is the tracing of the Blood-pressure, the lower that of the Respiration 


Tracing VI 





upper line Is the tracing of the Blood-pressure, the middle that of the Respiration, the lower that 
■ of the Time, 











Tracing V 
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The upper line is the tracing of the Blood-pressuie, the middle that ot the Tune, the lowei tluit ot the Resmuition 



Tracing VII 
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8 Fall of blood pressure 

The blood pressure usually falls slightly before the heart rate is slowed In some 
cases this depressor effect is very marked and apparently peisists (see Tracing VII) 
For, aftei the vagi had been divided, the rise in blood pressure was only very slow, 
differing much from the sudden rise which usually takes place on that operation 
The phenomenon usually only occurs with the first application of the pressure, vide 
infra This active depressor influence also occurred with an arrest of respiration, 
and the respiration did not begin again for some time after the pressuie had been 
lemoved, and artificial lespiration had been used The connexion of these two facts 
will appear under B 

A (1 ) B, For the effects upon respiration see A. (2 ), the effects m the piesent 
section being so slightly marked 


A (2 ) H. Slowing , arrest , ond recovery of heart .—When pressure is applied to any 
part ot the cerebral or cerebellar hemispheres. 

a. Slowing and arrest of the heart preceded by cessation of the respnation 
The respiration ceases, the heart which before was going at a normal rate 
is immediately slowed and is soon arrested In such a case the effect of 
artificial respiration is such that the action of the heart immediately 
recommences, and, the rhythm becomes of its former ra,te although the 
pressure is still applied, vide fi prox 

ft. Slowing increased, and arrest produced, preceded by the ‘cessation of 
respiration 

In Tracing VIII. the heart on recovery is found to be still slowed. 


y Slowing of heart with arrest of the respiration , persistence of both effects 
after the pressure was taken off. 


The heart is slowed, and the more markedly as the arrest of respiration is reached 
If the pressure be removed before the slowing has led to an arrest, the heart does 
not immediately quicken, but remains for several beats slow. If the natural respira¬ 
tion then commence the heart gradually reverts to its former rate. For example see 
end of Tiacmg V 

* i* 


8 Airest of the slowed heart occurrn^jfter the pressure has J?een taken off, 
and persisting in the presence' f>i respiration, natural or c $dpTificial. This 


j\ s. v r 

-lit 


* & 

< “-&■* j 


is shown m Tracing JEX* 

It will be seen that the bl6b^'phhs^tj#& rise when 

the heart was arrested suddenly The latter began again with artificial respiration 

2 f 2 
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Tlacing IX 



Tlie uppei line is the tracing of the Blood-pressuie, the middle that of the Respiration, and the lower 

that of the Time 


e Slowing and arrest of the heart; re-starting, and continuing slow. 

In this case the heart was slightly, then greatly slowed, then arrested Its arrest 
took place before the respiration, and continued for some time, m spite of the employ¬ 
ment of aitificial respiration When the heart started it was at a very slow late, and 
it persisted at the slow rate for a long time, during which the artificial respiiation 
continued (see Tracing X.). 


£ Slowing and arrest of the heart during artificial respiration, arrest continued 
for a long time after taking off the pressure As seen in Tracing XI 
the rate of the heart in this state became much slower, and was then 
suddenly arrested. It did not start again, although th& pressure was 
taken off. Meanwhile only the weak cardiac waves excited by inflation, 
&c,, of the thorax, caused by the artificial respiration, -yore to be seen 
in the manometer trading (see also Tracing XII.}. .• - 


After some time the heaht 




J i ^ xA-ar g. 


long while 


Afterwards it gradually became quicker, and the artificial respirations were then 
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The upper line is the tracing of the Blood-pressure, the middle that of the Time, the lower that of the Respiration 
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stopped The rate again became slow, but when natural respiration began the heart 
rate continued to inciease. 


Tracing XI 



The tipper line is the tracing of the Blood-pressure which is continued m the third line, the second line 
is that of the Respiration which is continued m the fifth line, the fourth line is the tracing of 
the Time. 

rj Arrest of heart immediately on application of pressure, and without previous 
slowing 

This was only obtained purely when the bag was put into the fourth ventricle, 
vide p. 239, smce with pressure applied m other places more- or less slowing .took place 
first (see Tracing XXIII.). 
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d Arrest of heart, with or without previous slowing, not starting again 

This is likely to take place when pressure is applied in the fourth ventricle, and it 
may happen from sudden severe pressure in other parts of the brain Generally, 
however, recovery is brought about by resorting to artificial respiration. 


t Arrest of the heart, starting again by forcible beats, separated by long 
intei vals 

This condition ol the heart’s action is sometimes remarkably pronounced, as is 
seen m Tracing XII, After the arrest artificial respiration called forth only one beat 
Next three were produced by perfusing fluid through the cannula The heart began 
with large beats, separated by wide intervals. As a mode of recovery this is 
interesting. 


k. Increased rapidity of the heart after being slowed, the rapidity, being as 
great as after division of the vagi, and probably due to failure of the vagal 
centre (see Tracing XIII.). At the left-hand side is seen the slow cardiac 
rate due to the pressure ; the rhythm is then seen gradually increasing in 
rate, until it becomes fully three times as fast, the pressure being main 
tained all the time. Concomitantly with the increase in rate is a rise m 
the blood pressure. 


5his ^copdition of the vagal apparatus may (as seen m the tracing) be recovered 




,Y * 

^ v, ^ fy i 



MiSl^hown in Tracing XIV., where we found that when this dissolu- 
.Cefitra Was .thim b^efedKl-ubseqMnfi division of the vagi, as might 


it ^ * « 


tffjtf *«.<a* w * - 

*’* * 4 , f / - v “ 1 / . j. , - 


r£f,- t 


'V n ■, -, n 
. ° ** ' 


permission ui extent of heart beat 


- 

This usually,pccurred wh i en ) ari‘est was impending during maintenance of the pres¬ 
sure, but often persisted after the pressure had been removed, sometimes appeared 
temporarily during recovery from the effects of the pressure, or continued after the 
respiratory rhythm wasjeiffectly re-established, 

The raid of mtermiesion varied from the second to the sixth beat in different 
and had a notable tendency to fall into time with the respiratory rhythm, 

XVe now iprecefd to' discuss the rasomotorimhenomena (V ) observed under +h 


cases, 


V' 


APIA 



Tracing 
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The upper line is the trO/Cm^ of the Blood -pi i essip , e^ the middle thfit of the Respiration ? sncl the lower thut of the Time 
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Tiacing XIII 




I 






r 


Mil 


i t. r i .;""i ■ : . i: i. 



Tlie upper Hue is the facing of the Blood-pressure, -the lower that of the Respiration 
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Tracing XIV 



■ ■■ r "L ” L „ - ;■ ip 


The upper line is the tracing of the Blood-pressure, the middle that of the Respnation, the lower that 

of the Time 


A Pressure applied to any part of the brain 
(2) Slowing and arrest of heart 

Y a, Pall of blood pressure preceding the slowing of the heart, and continuing 
after recovery of the rhythmic heart rate. 

In the instance shown in Tracing XV. 'active depressor influences caused a fall of 
the blood pressure before ,th& afc^f cf the heart y After thd return from zero the 
blood pressure continued low 

The same phenomenon could also be observed to continue even after section of the 
vagi (see Tracing VII.) 

2 G 2 
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The upper line is the tracing of the Blood-pressure, the middle that of the Respiration, and +he lower that of the Time. 
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ft Depressor influences absent, although the piessuie was applied foi the first 
tune, and also absent after the arrest of respiration 

This almost inexplicable fact was observed once, as seen m Tracing XVI It is 
seen that, although the heart became gradually slowed down to 35 per minute, there 
was no fall of blood piessure This absence of depressor influence may have been 
connected with the low blood pressure That vasomotor phenomena, e rj , curves, 
could yet be pioduced is seen m the tracing at a, where it is shown that the pressuie 
developed vasomotoi cuives which continued for some time and then disappeared 
when the lieai t was slowed 


y Depressor influences absent when piessure was applied foi the second time, 
after having been present on the first application. 

In harmony with the foregoing this depressor influence we found to be easily 
destioyed m the course of an experiment, since it usually disappeared after the brain 
had been once compressed (see Tracing XVII.) 


Tracing XVII, 



The upper line is the Ti acmg o| 

In a well-marked case th( 
respiration, and there was 
influence is further mdicatec 
before the beginning of the 


ptapehpxesaure, the middle that of the Respiration, tho lowor 
r' the Time. ' - * 

‘V «■* * £ 

; 4 ^ v v ^ „ I 4 \ 

1 , + Jt 11 M ^ 

s3ag|ifelyglowed even after the arrest of 
Ipre, This loss of depressor 



actually above that existing 


in other cases the heart could be and was greatly slowed without any fall of blood 
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piessure, if the depressor influence had been lost duiing the previous application of 
pressiue 

8 Pressor influences causing a rise to the level attained before the application 
of pressure, or even somewhat higher, the heart remaining slower than 
usual or returning to its normal rate. 

For the development of this effect (see Tracings VIII, X) it was usually necessary 
to employ artificial respiration to lecover the action of the heart That it is a true 
vasal effect is well seen at the end of Tracing X, where the rise of pressure is obtained 
and maintained, although the extent of each heart beat is no greater than before 

e. Pressor influences causing a rise considerably above the normal level, 
attended by either a quickening of the previously slow heart beat or by 
- maintenance of the same slow rhythm This is seen in Tracings XVIII., 

XII, XIII 

Tracing XVIII 


XVfll 

a 


One line is ttie Tracing of tlie Blood-pressure, the other of the Time 

£ Pressor effect equal to that appearing after division of the vagi and attended 
by a heart rate of a similar character 

We have already shown that the heart rate under certain circumstances ot intra¬ 
cranial pressuie gives evidence of the failure of the bulbar vagus centre As is 
shown m Tracings XIII, XIV., this is also true of the vasomotor condition which is 
customarily produced by section of the vagi, plus an increase of the intra-cranial 
tension. 
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7 ] Vasomotor cuives appearing after the application of pressure. 

"Whereas piolonged or severe piessuie abolished both respiiatoiy and vasomotor 
curves, normally superadded on the inanoraetric tracing, slight pressure occasionally 
developed vasomotor curves as is seen m Tiacmg XVI 

As the heart late quickens aftei the temporaiy slowing, respiratory curves appear 
on the tracing, usually exaggerated at first and subsequently becoming of noimal 
extent (See Tracing V ) 


A (2) R Changes in respiration when the mtra-cramal pressure is applied to any 
part of the encephalon, and when such piessure pioduccs slowing and arrest of 
the heart’s rhythm 

It will be remembered that on p 219 we stated that the changes m respiration 
which accompanied only slight alteration (slowing) of the heart rate were so precisely 
similar to those which preceded complete arrest of the heart that wo would considei 
them en bloc 

We must here allude to certain side issues connected with our method before 
enteung upon the task of classifying and collating the results obtained 

The lecoidmg apparatus, as before stated, gave us the movements of the thoiacic 
walls only, the ascent of the curve marking a natural inspiration or an artificial 
inflation of the chest. Our tracings consequently give variations in the depth of the 
movements of inspiration and expiration, as well as changes in the rhythm. Wo, 
however, also employed on many occasions artificial respiration ; this, especially after 
the observations of Hertng and Breiter, # is well known to notify affect the respi¬ 
ratory centre in, the medulla oblongata. We would propose, therefore, in view of 
these facts, to arrange the results as follows i— 

K \ n , ' , , - f Inspiration 

in rhythm , . . 


Class L 


Changes in respira¬ 
tion 1 uncompli¬ 
cated by artificial^ 
lespiration 


i ' u 


(b ) Concomitant changes in rhythnp 
and extent 


(c.) Changes in extent 


^ Expiration 
Pause 
Inspiration 
^ Expiration 
^ Pause 
f Inspiration 
< Expiration 
Both 


Class II Mode of natural recovery of changes in respiration. 

Class III. Changes in respiration Recovery as observed after the employment of 
artificial respiration, 


* See p 234 
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Class I Changes m respiration uncomplicated by artificial respiiation 

(a ) Changes in Rhythm —The change in lhythm is giadual, slowing as the eftect 
of the pressure becomes more marked The pauses become lengthened, and, as will 
be seen m Tracings II, XV , XYII, inspiration is deepened If the degree of 
anaesthesia were light there were — 

( h .) Concomitant Changes m Rhythm and Extent. —When the rhythm is slowed as 
a rule the extent of the respuatory movements becomes for the time mcieased, but 
just before arrest they become shallow ( Vide infra ) 

(c ) Chanqes m Extent —The condition just alluded to is really so dependent upon 
the development of inspiration that it is best further considered under the head of 
change m extent 

On the whole the usual early effect is as a rule increase of inspiration This 
inspiratory mciease generally shows itself in one of two ways Eithei — 

(1) By deep single inspirations occurring at fairly legular intervals. (See 
Tracing II) 

(2 ) By an inspiratory spasm, m which it is usually seen that both expiratory and 
inspiratory movements have for some time been diminishing, but that just before the 
final arrest, expiration seems to fail, and so an inspiratory spasm is produced (See 
Tracing XYI) This spasm only lasts three or four respuatory intervals, and is 
followed usually by a few small double respiratory movements and then complete 
arrest occurs 

We can look upon this phenomenon m another way, viz , that the dissolution of 
the respiratoiy centre is signalised by failure of expiration, and so has brought 
about undue predominence of inspnation. In this way the influence of the pressure 
would not necessarily mean exaggeiation of inspiration, but merely over-action in 
consequence of the disappearance of the antagonistic expiration This view is 
suggested to us by the investigation of Bichet^ upon the dissolution of respiration 
effected by anaesthetics, he having shown that active expiration disappeared long 
before inspiration 

Class II. Mode of natural recovery of respiration 

The effect of the increase of pressure has been just described, it now remains to 
discuss the manner m which the respiratory centre begins to recover its function 
unaided by artificial respiration. 

Barely the respiratory movements have continued although extremely reduced in 
extent 

After the more usual complete arrest respiration very frequently recommences by 
an initial deep inspiration, and this is followed by another (gasps in fact), then 
successive respirations follow in increasing order of depth. (See Tracing I ) 


MDCOOXGT.—B 


* ‘ Memoires de la Soci^td de Biologie, 5 1887, p. 25, 

2 H ’ 
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In fewer instances the respirations recommence not as gasps, but simply as shallow 
movements increasing m extent 

Class III Changes m respiration observed after the employment of artificial 
respiration 

The effect of artificial respiration has usually been observed when the latter has 
been employed to obviate fatal results of seveie pressure, consequently jxl every case 
the respiratory centre is being, or has been inhibited by pressure 

Two points call for considelation at this juncture, firstly the general improvement 
in the activity of the centre pioduced by the increased oxygenation of the blood, and, 
secondly, the direct inspiratory and expiratory stimuli evoked by the suction and 
distension respectively of the lung * 

The effects observed have been roughly divided into two categories, one in whicli 
apncea occurred and another m which it was absent 

When apncea followed, the respiratory movements usually commenced again, 
having a good depth, but when no apnoea was produced, i.e., when the respirations 
almost immediately recommenced, the movements were shallow. This difference, 
however, is not to be regarded as m any way absolute. 

Before passing on to the next chapter, viz., the variation m the foregoing results 
produced by section of the vagi, we must offer a few further remarks on the abolition 
of the respiratory function, especially as regards its parallelism with the arrest of 
the heait. 

Of the two, respiration is almost invariably affected first, i.e , m rhythm and extent. 
The arrest of respiration, however, ought not to be regaided as strictly comparable to 
the condition of arrest of the heart, since the latter implies excitation of a bulbar 
centre, whereas arrest of respiration means paralysis, i.e., an effect of much greater 
importance 

Hence the fact that the two are arrested simultaneously (see Tracing XXIII.), or 
even the respiration a little after the heart (see Tracing X.), only goes to show that 
the respiratory centre is by far the more sensitive*, and consequently, as an index of 
pressure, more delicate than the heart’s action. 

4 ? 

"i K I 

4 

A (3.) The variation m the effects observed to he produced by section of the vagi. 

We have made a large number of observations after preliminary section of the vagi. 

The effect of division of one vagus was practically ml.t When it was pulled on 

T 

* Hebieg and Breueb, “ Die Selbststeuerung der Athmung durch den Nervus Vagus.” ‘ Sitzber. d. K, 
A Wtesenschaft 5 • Wien, 1866, April, November (vol 57, Abth. 2, p 672, vol, 58, AUK, 2, p. 909) 
See ' Jonrn of Physiology,’ 1889, and other authors. 

loake special observations on this point, except to satisfy ourselves that the heart could 
he I i^n^iv^bAgh one vagns nerve by increased intra-cramal pressure, 
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slightly for the purpose of division the tension produced a temporary slowing of the 
heart 

Division of both vagi invariably produced the classical phenomena of— 

(1) Rapid lieait action. 

(2 ) Rise of blood pressuie 

(3 ) Alteration of lespnation 

Following Leyden* it was obviously of extreme importance that these vanations 
should be studied under the condition of mci eased mtra-cianial pressure. 

We therefore prepared the vagi m the usual way and divided the nerves, sometimes 
before pressure was applied, sometimes while it was acting 

The general results remained the same 

Tracing XIX, 


tf 

</ 


MX 


The upper line is tlie tracing of the Blood-piessure, the middle that of the Respuation, the lower 

that of the Time 

A (3.) H. Aftei division of the vagi the heart rate immediately became rapid and 
was unaltered by increase of the mtra-cramal pressure, but; when the latter 
caused a rise of blood pressure the rate was notably quickened, slowing again 
as the blood pressure fell 




* Loc cit 

2 H 2 








236 MESSRS W SPENCER AND V HORSLEY ON THE CHANGES PRODUCED 


The effect on the heart is thus of minor importance, but as will be now seen, the 
change m the blood pressure evoked by use of the intra-ci auial pressure after division 
of the vagi is most remaikable (Vide also Historical Intiodnction , Bergmann ) 


A (3 ) V Firstly it is to be noted that, after a depressor influence has been 
occasioned by raising the intra-cranial pressure, the effect of dividing the vagi 
is only to slowly develop the remaikable additional rise m the blood pressure. 
(Vide Tracing VII) 

With this preliminary notice of possible depiessor effect we must proceed to 
describe the pressor influence, which is so eminently characteristic when the intra¬ 
cranial pressure is laised It is sufficient perhaps to state that after division of the 
vagi the effect of putting on piessuie is to immediately cause a rapid uso m the 
blood pressure. So long as the vasomotor central apparatus is intact and in 

nee with additional increase of pressure 
is reached. 




m), activity, this use continues to adva 
iifS^treme point now to he mentioned 


Tracing XX, 



The upper line is the tracing of the Blood-pressure, the middlo that 
of the Tune, and the lower that of the Respiration. 


This point may be 'even as high as 300 mm. Hg, {<?., about twice the blood 
pressure of a large normal Dog. 

A still further rise of the blood pressure can be produced by starting artificial respi¬ 
te 11 ; and so improving the condition of the vasomotor centres. (See Tracing XX.) 

Finally, an extremely high blood pressure, e,g,, actually 400 mm. Hg, can be 
obtained in the following manner .— 
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The vagi having been divided while the blood pressure is good (le , 130 m m Hg), 
and the mtra-cramal pressure raised, but not so severely as to anest respiration, the 
blood pressure will, m accordance with what has just been said, be found to have 
risen to nearly 300 mm. Hg If now artificial respiration be commenced and the 


Tiacmo XXL 



The upper line is the tracing of the Blood-pressure, the middle that of the Respiration, the lowei that 

of the Time 


mtra-cramal pressure increased, it will be found that the blood pressure will continue 
to rise to about 340-360 mm , and then while at this great height it will rise to even 
400 mm. if a natural mspiiatory impulse happen to coincide with the commence¬ 
ment of an artificial expiration (See Tracing XXI) 
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As the vasomotor centie begins to fail under the continued pressiue, this effect 
begins to fall off and finally disappeais 

Lastly, we have aheady mentioned that m cases where long continued pressure 
has gradually caused paralysis of the vagal centres (loss of slowing), so that the 
heart commences to run at a lapid rate, subsequent section of the vagi has no effect 
on the aheady high blood pressure 

A. (3), E The effect on respiration , the vagi being divided. 

The effect on the respiratory movements of raising the intra-crainal pressure 
under these circumstances is almost always to produce an increase of movement, 
as follows — 

(1 ) The vagal type of respiration may become enormously exaggerated, the 
pauses greatly drawn out and the movements forcible. (Tracing XXII.) 


Tracing XXII. 



The upper lme is the tracing of the Blood-pressure, the middle that of the Respiration 

the lower that of the Time 

(2 ) The division of the vagus when the pressure has already arrested respiration 
may furnish an inspiratory stimulus of complete adequacy, so that the respiratory 
movements recommence and continue (See Tracing XIX.) This is.no doubt due to 
the coincident rise of blood-pressure * 
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(3.) Occasionally an mspiratoiy spasm may be evoked at the moment of putting 
on the pressure 

Frequently acceleiation of the rate of respiration -was noted shoitly before arrest 
occuried 


Division B Examination of the Results obtained by divectly raising the goressuve 
m the fourth ventricle. 

As this forms a special division of the present research, we have postponed 
detailing the method of experiment until now 

The occipito-atlantal membrane and part of the occipital bone having been 
removed, a small olive-shaped bag, measuring when collapsed only *0 5 c c, was 
inserted gently into the fourth ventricle by means of a probe, the direction taken 
being rather towards the raised up cerebellum, so as to avoid pressure on the floor 
of the ventricle. The bag was found to effect local distension of the ventricle, 
exactly according to the depth it was inserted. 

By such direct pressure it was hoped that differentiation of the effects described m 
Division A might be obtained, and to a certain extent this succeeded. 

The three “ centres,” analysis of which was desired, were of course:— 

(1.) The Respiratory 

(2.) The Yasomotor 

(3 ) The Cardio-Inhibitory. 

It goes without saying that the modes in which these centres were first excited 
and then paralysed resembled in every way those we have previously considered, 
so that the points we wish to emphasise now relate to the interaction of these 
centres more than the absolute changes in then functions The results may conse¬ 
quently best be grouped m the following manner •— 

(a.) Affection of the respiratory centre without change in the cardio-mhibitory 
apparatus 

(b.) Affection of the cardio-inhibitory apparatus without alteration of respiration. 

(c.) Concomitant paralysis of the three centres. 

(a.) The respiratory, we have seen before, is of all the bulbar mechanisms the 
most sensitive. While, however, as will be seen in Tracing XXIII, if the pressure 
be applied to the region of the calamus, both the heart’s action and respiration are 
simultaneously arrested, the respiratory function can be gravely altered alone if the 
centre of pressure be shifted lower, so as to principally act upon the first segment of 
the spinal cord 
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Tracing XXTII 



The upper line is the tracing of the Blood-pressure, the middle that of the Time, the lowor that of the 

Respiration. 


(i».) That the apparatus can be excited without concomitant 

excitation (or paralyps) jf the .’r^p^ratory centre is shewn by Tracing XXIV., in 
which, after the pressure had been' first applied to the upper part of the fourth 
ventricle, and then taken off, the heart’s rate continued to be slow, and the systole 

prolonged, while the respiration went on at a rapid rate, almost three times that of 
the heart. 


* 

(c.) Paralysis of all three centres is well exemplified in Tracing XXV, where is 
seen the slow rate of the heart giving place to rapidity as the vagal centre loses its 
inhibitory influence,, and, further, the respiratory centre having failed completely, 
artificial respirationhS^peK^ce lemployed. ; In the same tracing there is seen to be an 

'at.. ^ t 

n®. upom paralysis of the vagal centre, 
iabrogated, That it was not 


absence? of the usn 
Obnscquently, the 

’$<§> * Was see|Lf 




was impaired, The 
of the ventricle, 
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Tiacmg XXIY 


The upper line is the tracing of the Blood-pressuie, the middle that of the Respnation, the lower that 

of the Time. 

Tracing XXY 


The upper line is the tracing of the Blood-pressure, the middle that of the Respiration, the lower 

that of the Time, 


MDCCCXCI.—B. 
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6 Summary of Results 


We have, therefore, by means of an increase m mtra-cranial pressure caused decrease 
and alteration of functional activity, partial or complete, of three “ centres existing 
m the medulla The effect of the pressure has been both excitatory and paralytic, 
according to its degree, and the series of events followed one another in a definite 
order We will summarise the facts observed under the headings we have already 
employed 

The Heart —Slight pressure reduced the rapid heart-beat of the Dog to 130 oi so per 
minute m the same way as deep etherisation. Intermissions of the heart-beat some- 
tunes occurred before any marked slowing With further pressure the heart was 
slowed and arrested. The immediate removal of the pressure after anest of the heart, 
or at most before the expnation of 1*0 or 20 seconds, allowed the heart to start 
again, but unlike the electrical stimulation of the vagus nerve, the arrest of the heait 
continued unless the pressure was removed. Artificial respiration cannot prevent the 
heart from,being arrested, although a more severe pressure may be required to effect 
this than when artificial respiration is not in use. However, this power of arresting 
the heart is quickly weakened, and the heart starts again, whilst that pressure 
remains which just before arrested it, provided that the artificial respiration is 
continued. 

After the removal of pressure, the slowing of the heart usually continued for some 
short time, and did not cease immediately; there being a gradual return to the 
normal 


When the pressure was continued, and artificial respiration at the same tune kept 
up, the heart continued slow, and then gradually returned to its normal rate, as if 
the pressure had become compensated, and as if the cardio-mhibitory apparatus 
ceased to be stimulaletA'Hut with more severe pressure the change was different; 
the slow heart, aft§te & period*. quickened rapidly until it reached the rate which 
follows division off the * vagi. This points* to* a complete paralysis of the cardio- 
inhibitory apparatus ; but if the pressure were then taken off, and a pause made, it 
was found that the cardio-inhibition recovered, and that the heart could be slowed 


or even arrested again by pressure. But the paralysis of this cardxo-inhibitory 
apparatus was more easily obtained' on the second application of pressure. 

The Blood Pr vasomotor centre'” was also at first stimulated, then 


partly stimulated, pa&^lyfparalysed, , and finally completely ■ paralysed With increased 
intra-cramal tensio^^S^Heiint fthe heart? the normal vasomotor curves were 
rendered more rikyytfd, so that the curves 

influences at this influence may be excited 

withoUtany previous rise of blood pressure, and the blood pressure may fall greatly 
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before the heart is arrested , also it may persist after the heart has begun again, and 
only slowly disappear even when the vagi are divided But this depressor influence 
is easily lost, so that on repeating the experiment a fall of blood pressure does not 
take place, nor can the heart be arrested, although it may be greatly slowed When 
under this condition, the blood pressuie may be about the normal level, but a further 
rise of mtra-cramal tension may still further stimulate pressoi influences, so that the 
blood pressure may rise to the level reached after division of the vagi, as shown by 
the absence of any further rise when this operation is perfoimed When the mtia- 
cranial tension is relieved, the blood pressure returns to a level generally a little 
higher than noimal, % e , when no depressor influences can be called forth 

With long-continued and severe pressure, and m spite of the continuation of aiti- 
ficial lespiration, the pressor influences were lost, arid the vasomotor tone was gradually 
reduced until the blood pressure fell to 30 mm Hg, i e , to about the level observed 
after division of the spinal cord below the medulla 

When both vagi are divided theie is of course normally a rise of blood pressuie 
If depressor influences be active at the time the rise is only gradual, but when depressor 
influences have been lost, or are not active, the rise is as rapid as when there is no 
increased mtia-ciamal tension The height reached when the vagi are divided whilst 
the mtia-cranial tension is raised is much greater But the actual amount of rise as 
before mentioned is dependent for its extreme development upon the pre-existent 
activity of pressor influences The blood pressure may have been so raised in this 
manner that no further rise takes place on division of the vagi. 

After division of the vagi the blood pressure can be raised highei still by the employ¬ 
ment of artificial respiration, and by increase of the lntra-cranial tension Phenomenally 
high blood pressure we have thus produced, if at the stage just described attempts at 
natural respnation should occur during the artificial respirations Nevertheless, the 
vasomotor tone is gradually paralysed (just the same as when the vagi are not 
divided) with a consequent fall of blood pressure, since at this low level 30 to 
60 mm. Hg, there is no effect produced when seveie mtia-cramal pressure is applied, 
the only result in fact being to still further lower vasomotor tone And this vaso- 
motoi tone, once lost, is not recovered from 

The Respiration —The uncertainty with regard to first principles concerning the 
action of the respiratory “centie” gieatly hinders the distinction of the different 
stages of its disturbance by increase of the mtra-cianial pressure. Still we believe 
that an excitatory and paralysing result respectively may be observed, although the 
various phenomena are not so clear as m the case of the heart The excitatory 
effect appears to be evidenced by the inspiratory spasms we have often obseived 
The paralytic effect was shown to appear gradually by diminished extent of each 
movement, by slowing of the rhythm, and finally by arrest. Artificial respiration 
quickly removed the paralytic effect, and after cessation of the former a stage of 
apncea occurred, followed by regular respirations When more severe pressure was 

2 i 2 
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used the apncea did not appeal, but after a relatively longer application of pressure 
respiration began immediately after the cessation of artificial aeration but with 
diminished extent We did not obtain acceleration of respiration from incieased 
intra-cranial pressure when etherisation was complete, except after division of 
the vagi. 

We must now summarise the relations of the heart rate, the blood pressure and 
respiration to one another, when the intra-cranial pressuie was increased, 

If depressor influences were active and had not been impaired m any way, then the 
slowing of the lespiration was accompanied by slowing of the heart and a fall of blood 
pressure When the respiration was arrested the heart was greatly slowed, and then 
stopped. But if the depressor influence had been lost the heart was only slowed a 
little on the arrest of respiration, and there was no fall of blood pressure nor ariest of 
the heart, and the slight slowing was altogether lost when the heart was acting very 
quickly consequent upon paralysis of the cardio-mhibitory apparatus. The blood 
pressure affected the heart rate apart from any cardio-inhibitory effect, for aftei 
division of the vagi the heart became quickened as the blood pressure rose, and 
slowed as it fell 

Respiration was directly influenced by the blood pressure, as shown by the fact 
that a rise of blood pressure, the intra-cranial pressure remaining as before, tended 
to start respiration again Respiration began again, moreover, after artificial respira¬ 
tion had been kept up a sufficiently long time for pressor influences to he established, 
although the intra-cranial pressure still remained at the height which had arrested 
the respiratory movements just before when the blood pressure was lower. And 
conversely, no regular respiration could be obtained with low blood pressure, owing 
to loss of the vasomotor tone. After division of the vagi under which circumstance 
a sudden increase of intra-cranial pressure caused a marked rise of blood pressure, we 
weie able to excite respiration again by rapidly increasing the intra-cranial pressure, 
owing to its influence in further raising the blood pressure. 

After division of the vagi, and after commencement of artificial respiration, if the 
intra-cranial pressure were increased beyond what had sufficed to stop the natural 
respirations until the blood pressure was raised from 320 to 360 mm. Hg, then natuial 
respirations occurred amongst the artificial ones, and they reacted on the vasomotor 
centre producing the phenomenally high pressure before mentioned. We were able 
often to foretell that respiration was just about to begin by noticing a rise of blood 
pressure. 

Artificial respn'ation had great influence m raising the blood pressure until vaso¬ 
motor tone was abolished, then its efficacy was lost 

By means of our further experiments directly upon the fourth ventricle we have 
shown that respiration is arrested alone without slowing of the heart when the upper 
end of the spinal cord is pressed upon immediately below the calamus, although the 
blood pressure may naturally fall if the compression be severe. When respiration is 
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slowed or arrested along with, slowing or anest of the heart, and a fall of blood 
pressure is simultaneously produced, it is the lower portion of the floor of the fourth 
ventricle which is pressed upon 

In the upper part of the fourth ventricle the heart may be slowed, and the blood 
pressure rise, without respiration being hindered in the least, or it may be even 
accelerated 

Between these two points respiration is arrested and the heart slowed, while the 
blood pressure may fall slightly at first, bat this fall is quickly changed into a rise 
above the normal 

In a paper to follow this one, one of us will consider the results of electric exci¬ 
tation of the floor of the fouith ventricle, and we believe that we shall be able to 
show an exact agreement between the results obtained by the two methods of experi¬ 
ment, viz , pressure and excitation 
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MESSRS SPENCER AND HORSLEY ON INTRA--CRANIAL PRESSURE 



More pressure was applied, and the blood pressure fell to 
50 mm Hg 

The vagi were then divided without causing any change 
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Y On the Organisation of the Fossil Plants of the Coal-Measures .—Part XVIII 

By William Crawford Williamson, LL D , F R S , Professor of Botany in the 

Owens College, Manchester 

Received January 22,—Read February 12, 1891 

[Plates 25-28 ] 

In my last Memoir, Part XVII.,* I called attention to a spore-bearing strobilus, first 
described by me, under the name of Vollmanma Dawsom, in 1871, m tbe ‘ Memoirs 
of the Literary and Philosophical Society of Manchester ’ This latter description was 
based upon sections made fiom a small fiagment for which I was indebted to my old 
auxiliary Mr John Butterworth, of Shaw, near Oldham, in the autumn of 1870 
Beyond two insignificant fragments, seventeen years elapsed before any additional 
example of this very rare strobilus was discovered Hence, during that interval, I 
had no means of confiimmg, or otherwise, the conclusions arrived at in that eaily 
Memoir Nevertheless, in my Pait V of this series ( £ Phil, Trans / 1874) having to 
deal with some allied forms of Asterophyllitean stems, I again referred to this plant 
I pointed out the resemblauce between the forms of transverse sections of its central 
vascular axis (loc cit , Plate 5, figs 28, c, and 29) and those of the centres of the Astero- 
phyllitean stems figured on Plates I., II , and III of the same Memoir The references 
to this fructification in Part XVII , mentioned above, were connected with my discovery 
of the vegetative stem of this plant, the structure of which further sustains my con¬ 
clusions m my Memoir V., not that any specific identity exists, such as I fear some of 
my expressions in that Memoir might seem to imply, but that m any botanical classifi¬ 
cation, their positions, though they are generxcally distinct, must be very near to one 
another, especially so far as their vegetative organs are concerned More recently, as 
stated m a footnote to p 99 of Part XVII , Mr Lomax, of BadclifFe, has brought to me 
a series of specimens which he has discovered and which are of considerable importance, 
since they make clear a number of features which have hitherto been obscure. On the 
other hand, several structures of importance, well shown m the specimens figured m 
my Memoir of 1871, are not preserved m my new examples. Hence, m order that 
all of what we know of this remarkable plant may be consolidated m the present 

‘ Pbil Trans B, vol 181, 1890 

3 7 91. 
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examination, of it, I have reproduced some figures of the more characteiistic structures 
described m 1871. 

As shewn m Mbmoir "V , fig 28, transverse sections of the axial vasculai hundle of 
this strobilus have a triangular form, the three projecting angles being bioad and 
abruptly tiuncated These features are illustrated by fig. 1, winch repiesents this 
bundle as seen m the section in my cabinet numbered 1049 Ihe mean diameter of 
this bundle, measuring from the truncated end of one angle to the more piojecting 
angles of the other two, is about 05 of an mch The breadth of each angle at its 
truncated extremity varies fiom '02 to 03 These measurements approximate closely 
to what I find m all my specimens, excepting one, of which 1 have two transverse 
sections (0 N. 1898,1 and L),m which the maximum diameter of the bundle is about 
•0144, and that of the truncate extremity of the angle 0032, measurements the pro¬ 
portions of which approximate much more nearly to those of the young twig of 
Asterojphylhtes, fig 1, Memoir V , than is usual m the homologous bundle of Boumanites 
The maximum diameter of the tracheids of this axial hundle, fig 1, is about *004. 
Hone of the other tissues which must once have filled the circular area a!' m the 
centre of which this hundle is placed, are preserved m any of my specimens, with the 
exception of the narrow line ci of fig. 1, which shows no definite structure , neither 
have I been able to discover any indications of vascular threads passing outwards from 
the bundle to the surrounding tissues of the axis; yet it is scai eoly to bo doubted that 
some such extensions must have existed. Fig, 1, b, represents a small portion of the 
innermost surface of what remains of the axial cortex. This organ is soon more 
perfectly m fig 2, b (C. N. 1040 B), and a portion of the same is further enlarged in 
fig 3. Throughout the greater part of its thickness, this cortex chiefly consists of a 
rather open paienchyma (fig 3, b), but, at its outer border b", the tissues are more 
dense and opaque. Longitudinal sections of this stem (fig. 4, b, C. N. 1050) show 
that these cortical cells are more or less elongated vertically ; the outermost of them 
passing into the prosenchymatous condition shown in fig. 5. 

Bound the inner margin of this zone (fig. 2, 6,) we find a number of small isolated 
clusters of tracheids Three of these clusters are seen at c in the further enlarged 
figure 3. These tracheids must have been derived from the bundle, fig 1, a, but as 
already stated, no traces of such an origin have yet been observed. Fig. G represents 
the most absolutely transverse section I have yet obtained of this strobilus , all the 
others m my cabinet being more or less oblique. This specimen was collected by Mr, 
Lomax. 

* 

Figs. 4, 6, 7, and 8 demonstrate that at each node of the axis of the strobilus the 
cortex expands into a conspicuous disk. The diameter of this disk in the specimen 
fig, 7 has been ahoiit 156, At its free margin this disk subdivides into a verticil of 
numerous narrow ascending lobes, which for the present I propose to designate 
disk-rays. This disk chiefly consists of an aggregation of radially elongated parenchy¬ 
matous cells (see fig. 5, d) A vertical section through it (fig, 4, d) shows that it is 



OF THE FOSSIL PLANTS OF THE COAL-MEASURES 


257 


thickest wheie it originates m a centiifugal extension of the cortical tissues, becoming 
gradually thinner as it ascends to its marginal fringe of disk-rays In the obliquely 
transverse section, fig 2, one side of this disk has been intersected at cl, and m fig 7, cl, 
a wedge-shaped segment of a similar one extends outwards from the central axial 
cavity a". The disk is crossed obliquely m the section of which fig 1 is the cential 
axis, as shown at d m fig 9 (C N 1049 A ) The section has passed through the 
saucer-shaped disk at a lower part of the node at cl' where its tissues aie blended with 
those of the cortex b, b, but the two stiuctuies separate at cl", cl", because, on the side 
opposite to d' } the section has crossed the disk and cortex at a level neaier to the 
centre of the internode above We shall see directly that each of these nodal disks 
bears some important organs on its uppei surface. 

In figs. 4 and 8 we find the peripheral margin of each disk piolonged upwaids and 
outwards at e into a circle of leaf-like extensions These latter I piopose, for the present, 
to designate disk-rays, for the purpose of avoiding any teim indicative of the possible 
homology of these organs Fig. 10 represents a tangential section of a strobilus made 
through three verticils of these rays, e, e, e, m a plane a little outside the maigms of 
the three corresponding disks We heie find that these disk-rays are arranged in 
symmetrical verticils, and are of fairly uniform shapes and dimensions Their 
lateral diameter at this point is about 03, and their vertical thickness about *02 The 
same organs are seen at fig 2, e, e Fig 11 is an enlarged transverse section of one of 
these rays fiom the section C FT 1898 B. It has a veiy distinct quasi-epideimal layei 
of cells, a, enclosing the area a which seems to be wholly occupied by parenchymatous 
cells, amongst which I can detect no traces of a tracheidal bundle. In fig 7 are 
remains of four or five of these lays, each having a diameter of about 02 Returning 
to fig 2 we find that at the two opposite points, e and e', the periphery of the stiobilus 
is preserved m the section, which is not the case with the two intermediate spaces At 
each of the regions e, e, we have a mass of transverse sections of the more apical poi- 
tions of the disk-rays, two of which are further enlarged m fig. 12 In each of these 
we still have the quasi-epidermal layer, a, of fig 11, and at the centre of each ray, a', 
we have also the parenchyma already seen m the same figure, but at each of the two 
margins of each ray this parenchyma has disappeared m almost every one of the 
numerous examples which my cabmet contains of sections of the apical portions of 
these rays I have obtamed no clue to the cause of this disappearance. Here again, 
as m fig. 11,1 can discover no traces of a vascular bundle m the internal parenchyma 
which remains. Each of these rays seems to consist wholly of cellular tissue. 

The number of these disk-rays seen at the portions e!, e, of fig 2, makes it manifest 
that at each of these peripheral portions of the strobilus we have more of the disk-rays 
than could be supplied by one or even two nodal verticils. The thin extremities of 
the rays of each verticil must have been sufficiently prolonged to overlap, and assist 
to protect the three or four verticils of spoiangia superior to the nodal disk of which 
each ray was an extension. 

MDCCCXCI.—B 2 L 
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Appendages to the thickened nodal disks — Hotmmug to tlio transvoiso section, 
% 9, made through the most central part of a nodal disk, d t we find tho circular line 
of small translucent points,/ the centre of each of which is occupied by a few barred 
tracheids. Fig 13 represents one of these points, further enlarged, m which/' re¬ 
presents the intersected tracheidal bundle, and f" some of the surrounding cells of 
which the disk is composed It is obvious that these tracheidal bundles are not iden¬ 
tical with those cortical ones seen at c of fig 3, because we find the representatives of 
these latter bundles at several points, as at fig. 9, c, along the inner border of the 
cortical zone b. But I expect that the two verticils are homologous ones 1 believe 
that as these latter cortical bundles ascended to a higher node oC the axis they would 
there bend outwards into, or at least send branches to, a disk circle simiku to those at 
fig 9,/ now under consideration Each of these latter points represents the base of a 
sporangiophore, of which veiy many spring from the entire upper surface of tho nodal 
disk. The exact plan of distribution of these sporangiophores is not cleaily made out. 
At fig 5 we have one, / ascending from the innermost border of the disk, d, where the 
latter forms an axillary angle with internodal cortex, b On tho other hand m fig. 7, 
where the outermost border of the disk is subdividing luto tho disk-rays, c, e, it is still 
giving off similar sporangiophores at / In fig. 8, m which the upper suifaco of the 
disk is intersected at least midway between tho inner and outer border of that seen 
at d in fig, 6, we still find the bases of a number of sporangiophores springing from it. 
In fig. 2, d ", we see the same section of a disk as that represented at d in lig, 9; 
only in the former case, owing to the obliquity of tbo section, we can trace the 
outward and upward extension of the disk Along its upper surface, represented in 
the section by its inner margin, we count at least thirteen of these sporangiophores, 
the bases of which are still united with the disk One of these is further magnified 
in fig. 14, and shows its tracheidal bundle at / In the section represented by fig. 28 
of Memoir Y., we have a section (C N, 1047) of a disk corresponding to fig. 2, d", only 
crossing the organ at a line still nearer its peripheral margin, where it is even beginning 
to break up into its component disk-rays; yet even here we find a number of tho 
sporangia organically connected with it In fig. 10 we have a tangential section of a 
strobilus, cut vertically in a plane a little external to the margins of the disks, and con¬ 
sequently passing through three verticils of disk rays, e, e f , e, where they are free from 
their respective disks Immediately above each of these verticils, we have at/ /, very 
distinct rows of sporangiophores, now wholly free from the disk-rays upon which they 
simply rest. All these combined facts demonstrate that we have m this strobilus a 
condition to which I have seen no parallel elsewhere. 

There are many cases in which a single verticil of sporangiophores springs, like tho 
solitary one, / shown m fig 5, from each axil formed by the junction of the nodal disk 
with the internodal cortex. It is so in the strobili of Calamity described in my 
Memoir XIY., but m this case each sporangiophore carries all the four sporangia which 
oocupy that radial segment of the internodal circle of which they form a part. The 
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sporangiophores of several species of Palceostachia described by Weiss arise from 
similar axillary positions. Bat m Bowmamtes alone do we find a nodal disk 
occupying a comparatively enlarged area, from the entire surface of which numeious 
sporangiophores arise, each one of winch, as will immediately be demonstrated, 
supplies a single sporangium This is a peculiar condition which must not be over¬ 
looked when we endeavour to determine the homological relations of the various 
organs of fructification of the Ccdamance, including those of the recent Equisetums 

At the lower part of their course each of these sporangiophores of Bowmamtes has 
a diameter of about 001. Good transverse sections of these, like that repiesented 
m fig 15, are numerous m my cabinet specimen numbered 1898 H, where an 
epidermal layer begins to be more cleaily differentiated from the cells which it 
invests In no case does a sporangiophore spring fiom a disk-ray They are wholly 
confined to the disk itself. A further study of these organs must follow an examina¬ 
tion of the sporangia of the strobilus. A glance at the various sections referred to 
in the foregoing pages will show that the interval between each pair of verticils of 
disks and disk-rays corresponds to an mternode of the axis of the strobilus Also, 
that each of these mternodal areas is occupied by a single layer of conspicuous 
sporangia. Since these sporangia vary somewhat m size and shape they are not 
packed with exact symmetrical horizontally The vertical sections, figs. 4 and 8, 
indicate that there were from two to three concentnc circles of sporangia in each of 
these areas, and since the size of these sporangia varies but in a limited degree, it 
follows that the outermost circle has contamed more than the middle one, as it m turn 
had more than the innermost. We see also, from fig 10, that the outermost ring, 
g, g\ extended beyond the periphery of the disk and was lodged between the two 
verticils of disk-rays, e, e. In most of my sections these sporangia exhibit a rounded 
contour, but a broken fragment m my cabinet (ON 1055 A) shows that mutual 
compression has given to some of them an angular, pyramidal form, as is also seen at 
g' of fig 10 Their mean diameter approximates to about 06. 

The sporangial wall consists of a single layer of simple cubical cells, with a thickness 
of about ‘003 These cell-walls exhibit no special structures such as are seen m the 
homologous ones of the living Equisetums and the Carboniferous Calamostachys, but 
we find some marked peculiarities where each sporangiophore is united to its spo¬ 
rangium. We have already seen, from fig. 10, that the sporangiophores, f, pass 
outwaids from their origins on the disk to their several destinations m individual 
sporangia m a layer lodged between the upper surface of the former and the undei 
surfaces of the latter. This seems to be true even of each individual sporangiophore 
and the sporangium to which it belongs. 

From what is observable amongst the sporangia of the upper end of fig. 2, it 
appears that each sporangiophore becomes united to its sporangium not at its proximal 
but at its distal side. It first passes completely under the sporangium and then bends 
backward upon itself to join the peripheral side of that organ This is distinctly 

2 l 2 
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shown by the two sporangia /', /'. Ordinarily the entire mtenor of Llio sporangium 
is occupied by the spores, but in each of the two examples g, g , of fig. 2, we find the 
penpheral end prolonged beyond the spores, and the small space thus produced is 
occupied by an extremely delicate form of parenchyma Fi 0111 the two sporangia/*', f' 
we further learn that; this parenchyma is but an extension into the sporangium of the 
delicate cellular tissue occupying the interior of the sporangium. Tlio uppermost of the 
above two is further magnified in fig 1C. The first fact to be noted here is that the 
recurved sporangiophore, /, has enlarged as it approached the sporangium, g t from a 
chainetei of *001, its size at its proximal end, to '0133 At the same time the cells 
of its outermost or epidermal layei have become much moie conspicuously differen¬ 
tiated fiom the delicate parenchyma,/', which they enclose We further see that the 
wall of the sporangium is not only continuous with that of the sporangiophore, hut 
that the one is merely an extension of the other. At /" the tracheidal bundle of the 
sporangiophoie is in virtually the same condition as in the proximal part of the 
organ, hut atas is so commonly the case amongst these vascular Cryptogams, 
where the spoiangiophoie joins its sporangium the tracheids have increased both m 
number and in. size. We further see that wh6re the delicate parenchyma,/', comes m 
contact with the spores, it terminates in a sharply defined boundary-line, which 
may possibly be prolonged inwards so as to constitute a thin membrane lining tho 
entire inner surface of the sporangium wall, 

The spores, so densely packed m the interiors of the sporangia differ from all others 
hitherto obtained fiom Carboniferous fructifications, Their rather thin exosporium 
is thickened along coarse reticulated lines, fiom each of the junctions of which reticu¬ 
lations there projects an elongated radiating spine. The spherical body of tho spore is 
usually about '004 to 0048 in diameter, whilst from tip to tip of the projecting spinos 
it is about from *0048 to *0063. 

Independent of the verticillate arrangement of its organs suggestive of a general 
relationship to the Calamarian family, this strobilus is very distinct from all the nu¬ 
merous known Calamarian fructifications In its nodal disks with their disk-rays, it 
approximates to Calamostachys and to Cmgularia, but it differs widely from both in 
the origins of its sporangia and their attachments to their sporangiophoros. In tho 
triangular section of its protoxyloid central axis, seen alike in the fruit and in tho 
vegetative stem, it approaches very near to Sphenophyllum and to my Asterophyllifes, 
the affinities of which were discussed in ray last Memoir when recording the dis¬ 
covery of the stem/ But here again all resemblances end, My specimens throw no 
ffirect light upon the foliage of this plant; but this deficiency is abundantly supplied 
y t Bowman’s original specimen figured by Mr. Binnev.I Externally its stem 
and leaves are exactly those of an AdmphylliUs. The former was jointed, with very 

* Memoir XVII, p 100. 

t *°mfiie Sferuofcm.e o£ Fossil Plants found in Carboniferous Books/ Fart II, Plato XII., figs. 1, hi, 
lb, ic, Raifeontograplucal Society’s volume for 1870, 
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prominent nodes, and the latter were lineal, umneived, and arranged m nodal 
verticils. The Calamanan affinities suggested by these facts are farther supported 
by the Sphenophylloid structure of its vegetative axis described m my last Memoir 
We thus obtain from Bowmcmites a fresh illustration of the fact that the old genus 
Asterophyllites is a purely provisional one, comprehending several very diffeient plants 

The plant has been obtained from the Calcareous nodules of Coals which have fui- 
nished us with so rich a harvest of new forms I have received it from the Footmme 
near Oldham, from the hard-bed at Cinder Hills near Halifax, and from Dulesgate 
For my specimens of it I have been indebted to Mr J. Butterworth, of Shaw, near 
Oldham, to Mr Spencer, of Halifax, and to Mi Lomax, of Badcliffe. 

Rachioptens ramosa 

With the object of restricting 3 as far as possible, the multiplication of ill-defined 
genera, I have, m my preceding Memoirs, described a number of Fern-1 ike objects 
under the provisional name of Rachioptens. I have occasionally, for some time past, 
obtained portions of what appeared to be a distinct plant belonging to the above type, 
but which were not sufficient to satisfy me respecting the essential details of its 01 - 
ganisation Now, however, my cabinet contains a sufficient number of sections to make 
those details intelligible , a transveise section of the mam axis of the plant is repre¬ 
sented m fig 19 

The central vascular bundle, fig 19, a , consists of a dense aggregation of barred 
tracheids, the inner ones of which are rather smaller than those at its periphery 
Most of the foimer have a diameter of 0008, whilst many of the latter reach *0016 
The majority of the smaller ones are simply barred; but most others, especially those 
of larger size, are of the reticulated type so often met with amongst the Carboniferous 
plants, and of which two are enlarged m fig 25 This bundle was invested by a 
zone of small, thm-walled, parenchymatous cells , but which are not preserved in the 
section figured. It is seen m another section m my cabinet (C N 1918 A). The 
uniform composition of this latter zone gives it more the aspect of an inner cortex 
than of a concentric phloem, In this respect it corresponds with many similar ones 
in Bachiopterides that I have previously described, and of which the homologous 
relations are open to question. In the figure 19 this zone is only represented by the 
vacant space surrounding the central bundle a. 

The thick and conspicuous outer cortex, b, b , consists of numerous strongly defined, 
vertically elongated, parenchymatous cells, intermingled with others, especially in its 
more external portions, of a more prosenchymatous type. 

The Branches —These are given off m great numbers It is not uncommon to see 
five or six primaly ones, d, d, given off, even from a very thin transverse section like 
fig 19 Since these branches radiate equally in every direction, it is evident that 
figs. 3 9 and 20 were ascending aerial stems and not rhizomes In fig. 20, which 
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represents a vertical section of the plant under consummation, these primary branches, 
d, aie given off at a considerable angle, but more frequently, as in fig. 19, they 
appear to pass outwards through the cortex of the main axis more horizontally. This 
direction produces the abrupt change seen m transverse sections like fig 19, c, repre¬ 
sented, still further enlarged, m fig 28 The tracheids of the axial bundle, a, 
are intersected transversely, whilst those at b, going to the branch, are intersected 
more longitudinally 

Sections of the mam stem, m whatever direction they are made, are always 
surrounded by a swarm of similar sections of the large and small branches, though of 
varying shapes and sizes These are seen to some extent at e, e, in figs, 19 and 20 ; 
but they occur m far greater numbers in other sections in my cabinet (a g, C. N. 
1018, 1018 A, and 1018 B) Fig 20 is a longitudinal section of a specimen corre¬ 
sponding m all respects to fig 19 In it we have the central tracheidai bundle 
at a, enclosed within its cortical cylinder, b, b Large primary branches, each with 
more or less of its branch bundle, are seen at d, d. I have m the cabinet a tangential 
section (C. N. 1918 C) made from the same specimen as fig. 20, but passing 
through the external cortex. We learn from it that the secondary branches arc 
given off irregularly and not in any defined order either of size or of position. Fig. 2i 
represents part of one of the larger of these branches. Other smaller ones are seen 
m figs. 22-23 and 24. Amongst the smaller ones like figs 23 and 24, tho bundle a is 
frequently pushed to one side of the cavity in which it is lodged, as if tho remainder 
of the cavity had been occupied by a collateral phloem; but I am satisfied that fig. 22 
represents the normal position of the bundle. In a few of these sections I see ovidenco 
that m these branches the bundle was surrounded by a cellular zone like that already 
described as investing the bundle of the central stem in the Cabinet specimen 1918 A 
Sections still smaller than fig. 24 are common enough, in which the bundles consist 
only of one or two minute tracheids. Such sections as those smaller ones just 
described are wholly undistinguishable from those of other and different Kachiopterides. 
Indeed the variations in the size, form, and other features of these smaller branches 
afford a fresh illustration of their insufficiency as foundations whereon to establish 
distinct genera. Some of my sections, especially the Cabinet specimens 1918 C and 
1918 D, afford clear evidence that the exterior of the cortex was more or less clothed 
with multi-cellular hairs Fig 27 represents two of these hairs from the former of 
the above sections, and fig. 26 is part of the cortex of the latter one with the hairs in 
situ. Both the sections belong to the same stem as fig. 20, in which also the bases of 
some of these hairs are seen at g, g It is quite possible that this plant may piove to 
be merely a more fully developed and less hirsute form of the Rachiopteris hirsuta 
described in Memoir Part XV,, m which case it may stand as R, hirsuta, var 
ramosa. Beyond this its real affinities are, as yet, uncertain. Many of its features 
suggest a relationship with the Ferns, hut since no traces of its foliage have yet been 
discovered, this affinity cannot at present be determined. It is a curious fact that we 
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have as yet only discovered the leaves of one of the many supposed Fernstems which 
I have described—and that is precisely the one (Lygynodendi on Oldhamiwn ) the 
general features of which, at the first glance, were the least suggestive of any affinities 
with the Fihcmce Most of our lecent ferns have their vascular bundles composed 
of a xylem element associated with a concentric phloem, but this was certainly not 
the case with all the Carboniferous Ferns In the Myeloptens described m my 
Memoir VII, I found vacant spaces associated with the vascular bundles , I erroneously 
confounded these spaces with the gum-canals which are so abundant m the same 
stems Since that Memoir was published I have obtained fine specimens of the same 
plant, m which these vascular bundles are more perfectly preserved, and which show 
that the supposed canals in close union with the xylem of each bundle were really 
spaces from which a tiue phloem had disappeared The specimens m question vary 
so much that it is difficult to say exactly what is the true relation of the phloem to 
the xylem m these plants, but the preponderant indication is that the bundle is a 
collateral rather than a concentric cone In dealing with the primaeval Ferns we 
must not expect to find m them the exact histological conditions that are character¬ 
istic of living ones Hence for the present, notwithstanding its anomalous features, 
T am inclined to class Rachioptens ramosa with the Fihcmce Some of my specimens 
of this plant were obtained by Mr Binns from the Hard Bed at Halifax For others 
from the same district I am indebted to Mi Spencer, and my later ones have been 
collected by Mr Lomax, of Badcliffe. 

Index to the Plates 
Bowmanites Dawsom , Williamson 

Plate 25, fig 1 Transverse section through the axial vascular bundle of a strobilus 
a, the tracheids, a", part of the area originally occupied by the innermost 
cortex, traces of which remain in the narrow bands a, a , 5, a portion of 
the inner border of the outer cortex X 50 C. N ,* 1049. 

Plate 26, fig 2 Specimen m which an oblique transverse section has intersected three 
nodal and the same number of mternodal verticils of organs a", centre of 
the axis from which the bundle like fig 1 has disappeared, b, cortex of the 
mternodal verticil, immediately below the disk d, cl, a portion of the nodal 
disk, sustaining the uppermost of the three verticils of sporangia, d", 
section through the nodal disk next inferior to d, and giving off sporangio- 
phores, /, from its upper border, e, e, transverse section of the disk-rays 
of the disk next below d"; e d, numerous sections of the elongated upper 
portions of the disk-rays of several inferior nodal disks, e v , basis of two 
of the disk-rays of the disk d ; /, f, transverse sections of several sporangio- 

* As in. previous memoirs, this symbol indicates t]ie number at which tbe specimen referred to wil 
be fonnd m the author’s cabinet 
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pliores, f and /", instances of spoiangiophoies united to tlieir several 
spoiangia, g, sporangia of the uppennost of the thiee verticils; g', the 
second and lower verticil of sporangia, g" the third and jez lower veiticil 
of sporangia. X 13 0 N., 1049 B 

Plate *37, fig 3 A portion of the cortex, b, of fig. 2, further enlarged * //, the inner 
parenchyma of the cortex, b", its outer portion , o, c, cortical bundles of 
tracheids. X 150 

Plate 25, fig 4. A vertical section through tho ccntie of a strohilus a, the vasculai 
bundle corresponding to fig 1 , b, b, tho cortex , d, d, sections tlnough the 
nodal disks , <?, a disk-ray , / a sporangiophore ; g, spoiangia. 

Plate 26, fig 5 The axil,/, of fig 8, showing the base of a sporangiophore, and the 
cellulai stiucture of the neighbouring organs, b, the cortex; d, the nodal 
disk, /, the sporangiophore. 

Plate 28, fig. 6 Slightly oblique section through a node of a strohilus a", ooutio of 
the axis fiom which a vascular handle, like fig. 1, a, has disappeared. At the 
upper and left-hand sides of the figure the section lias passed tlnough a 
lower portion of the strohilus than elsewhere ; d, the uppermost nodal disk ; 
c, e, part of a verticil of disk-rays belonging to the disk next below d; d, 
sections of the upper portions of the disk-rays belonging to still lower 
disks; g, g, veiticil of sporangia occupying the interuodal area next below 
the nodal disk, d; g', part of a verticil of sporangia belonging to an inter - 
node below that occupied by g, g. X 1 5. 0 N., 1051 0. 

Plate 26, fig 7. Segment from the centre of a second oblique section, made from tho 
specimen which furnished fig. 2 a", central cavity of the axis ; d, part of 

the nodal disk, e, e, portions of three of the disk-rays ; / j\ throe 
eporangiophores. X 15 C. N., 1049 C. 

Plate 25, fig. 8 Tangential section from the same specimen as fig. 4, but made through 
the cortex outside the axial vascular bundle : a", central cavity of the axis , 
b, cortex of an internode ; d, section through a nodal disk within its peri¬ 
pheral margin ; d', d', two opposite peripheries of a nodal disk ; e, d, disk- 
rays , f bases of sporangiophores springing from the upper surface of tho 
disk, d, f f', sporangiophores springing from various parts of tho sur¬ 
face of the disk, d'. X 8. C. N,, 1058. 

Plate 27, fig 9. Part of a second obliquely transverse section of the same specimen as 
fig 2, made in a plane whexe the tissues of the disk d, d', blend with those 
of the cortex b, h ; a", the central axial cavity , b\ the inner parenchyma 
of the cortex; c, small vascular bundles, like those, c, of fig. 3 ; /', small 
circular areas underlying the bases of the innermost series of sporangiophores, 
each area containing a minute vascular bundle in its interior, X 110, O. N., 
1049 A. 

Plate 25, fig. 10. Tangential section passing through three nodes and internodes of a 
strohilus, a little outside the margins of the nodal disks; d, d , free disk- 
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rays intersected transversely ; e", longitudinal sections of two disk-rays 
prolonged beyond the outermost verticils of sporangia , f, f, transverse 
sections of sporangiophores proceeding to the more external spoiangia ; 
g, verticils of sporangia X 8 C N, 1045. 

Plate 28, fig 11 Enlarged tiansverse section of a disk-ray near its base , a, epi¬ 
dermal layer , a', internal parenchyma X 250 C N, 1898 B 

Plate 27, fig 12 Transverse sections of two disk-rays made nearer to their ex¬ 
tremities than fig 11 , a, epidermal layer ; a', central portion of the internal 
parenchyma X 40. C N, 1049 B 

Plate 27, fig 13 One of the small circular areas, f, of fig 9, further enlarged , 
f, central bundle of tracheids , f", parenchymatous cells of the disk. X 280 
C. N , 1049 A 

Plate 26, fig 14. Transverse section of one of the small sporangia,^ projecting from 
the upper surface of the section through the disk, d", of fig. 2, f, its 
tracheidal bundle X 230. C 1ST, 1049 B 

Plate 28, fig 15 Transverse section of a sporangiophore further removed from its 
base than fig 14 ; f, its tracheidal bundle. X 140 C. N , 1898 C. 

Plate 27, fig. 16 The uppermost of the two sporangiophores, f\ f, which are 
attached to their sporangia m the section fig 2, f, epidermal coat of the 
sporangiophore, f\ inner cellular tissue of the sporangiophore, f", f"', 
tracheidal bundle of the sporangiophore , g, spores X 40 C N , 1049 B. 

Plate 25, figs 17 and 18 Two spores x 1£>6. O. 1ST, 1053. 

Rachippteris ramosa, Wllliamson, 

Plate 28, fig 19 Transverse section of a stem , a , the central axial bundle composed 
wholly of tracheids , b, the outer cortex , c, c, bundles of tracheids going off 
to pnmaiy branches, d , large primary branches. X 30 C N , 1851 A. 

Plate 25, fig 20 Longitudinal section of a stem like hg 19, a, axial bundle of 
tracheids , b, cortex, d , d, primary branches , e, sections of secondary 
branches , g, g, cortical hairs X 10. C.N, 1918 B 

Plate 28, fig. 21. Transverse section of a primary branch , a, the tracheidal bundle, 
b , the cortical zone. X 30 C N, 1851 

Plate 28, figs, 22 and 23 Transverse sections of secondary branches , a, tracheidal 
bundle, b , cortex X 30 C N , 1851 

Plate 28, fig 24 Transverse section of a yet more distal twig X 30. C N., 1851. 

Plate 28, fig 25 Two of the reticulate tracheids of the axial bundle, a, of fig. 20. 

Plate 26, fig 26. Portion of the cortex with some of its peculiar hairs m situ. X 35. 
C N , 1918 D 

Plate 26, fig. 27 Two isolated hairs like those of fig 26 X 35. C N , 1918 C. 

Plate 27, fig 28. The base of the vascular bundle supplying one of the primary 
branches of fig 25, and illustrating the sudden deflexion of the branch 
tracheids, c, from those belonging to the central bundle a. 
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CHAPTER I—INTRODUCTION, INCLUDING THE AUTHORS’ METHOD AND THE PLAN 

OF TH & RESEARCH. 

In the ‘ Proceedings of the Boyal Society/ vol 45, 1889, p. 18 (Meetingof November 1, 
1888), we published a preliminary account of some of the experiments of which the 
results are now given in full detail. 
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In that communication we stated that the object of our work then was to 
endeavour to ascertain the character of the excitatory processes occurring in nerve 
fibres, when, either directly (artificially) excited, or when m that state of 
functional activity, which is due to the passage of impulses along them from the 
central apparatus. The most important way in which such a method could be 
applied was obviously one which would involve the investigation of the excitatory 
changes occurring m the fibres of the spinal cord when the cortex cerebri is stimu¬ 
lated. We must at once assume that the motor side of the central nervous system is 
practically divisible into three elements — 1. Cortical centres 2. Efferent (pyramidal 
tract) fibres leading down through the internal capsule, corona radiata, and spinal 
cord, 3. Bulbo-spmal centres contained m the medulla and the spinal cord, and 
forming the well-known nuclei of the cranial and also of the spinal motor nerves 

It had already been determined, both by direct observation and by the graphic 
method (1) that certain areas of the cortex were connected with definite movements 
of various parts of the body, and (2) that while the complete discharge of the cortical 
apparatus was followed by a very definite and characteristic series of contractions of 
the muscles in special relation with the particular point excited, the effectual removal 
of the cortical central mechanisn and subsequent excitation of the white fibres passing 
down through the mtemal capsule, &c., led to the production of only a poition of the 
effect previously obtained from the uninjured brain 

This method of observation m no wise showed what processes were actually 
occurring in the spinal and other nerve fibres, and although the ablation of the 
cortical centre, to a certain degree suggested the extent to which the cortex acted, 
nevertheless, it did not afford an exact demonstration of the same. Moreover, the 
data which the graphic method furnished were precluded, through their being 
muscular records, from determining what share, if any, the lower bulbo-spinal central 
nerve cells took, either in the production of the characteristic sequence of contractions 
or in the modification, whether in quality or in’ force of the descending nerve impulses 
during- their transit. 

It seemed to us that the only way to approach this subject would be to get, as it 
were, between the cortex and the bulbo-spinal system of centies This would be 
accomplished if some means were devised of ascertaining the character of the 
excitatory processes occurring in the spinal fibres of the pyramidal tract, when upon 
excitation of the cortex, nervous impulses were dischaiged from the cortical cells and 
travelled down the cord. 

The question as to the extent to which it is possible to obtain physical evidence of 
the actual presence in nerve fibres of excitatory processes and thus to arrive at 
reliable data for the comparison of their amounts is one which, up to the present, has 
h0e&-answered only indirectly, and that in two ways, firstly, by the extension of 
classical experiment of determining the rate of transmission, and 
wlfw» % observing those variations of electrical states m nerve fibres which 
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DU Bois-Reymond discovered to be invariable concomitants of excitatory processes. 
As will subsequently be shown in the historical retrospect, it is well known, through 
the researches of du Bois-Reymond and others, that the fibres of the spinal cord, 
just as nerve fibres m the peripheral trunks, are characterised by showing when 
unexcited an electrical difference between their longitudinal surface and cross- 
sections, and furthermore, that when excited a well-marked diminution of this 
resting electrical state is produced m the fibres of the cord as in those of nerve 
trunks 

Now since such excitatory variations m the electrical state are presumably parallel 
in time and amount with the presence m the nerve of the unknown processes termed 
excitatory, which a series of stimuli evokes, it was reasonable to presume, if the 
cortex were discharging a senes of nerve-impulses at a certain rate down the 
pyramidal tract, that there would be a series of parallel changes in the electrical 
condition of the fibres m the cord tract, and that with a suitable apparatus for 
responding to such changes these might be both ascertained and recorded 

If this could be done, then the character of the discharge of the cortical centre 
into the spinal cord would be, for the first time, definitely ascertained. 

As has been said before, the graphic method to some extent suggested the solution 
of the problem, but the graphic method could not exclude, as this newer mode of 
investigation does, the bulbo-spmal centres Judging from the rate of contractions 
of the muscles convulsed by excitation of the cortex, it was reasonable to expect that 
the variations in the electrical Condition of the pyramidal tract might intermit fifteen 
or twenty times per second. If, therefore, they were to be observed or recorded, it 
was obvious that some instrument would have to be used capable of quickly respond¬ 
ing to very minute electrical differences succeeding one another at very short intervals 
of time. The only instrument available for this task is LIppm Ann’s electrometer, 
and, as we have stated in onr previous communication, we had the advantage of the 
assistance of Mr G P Burch in obtaining several very sensitive instruments. 

This instrument m addition presents the mvaluable advantage* of its movements 
being easily recorded by photography, as originally described by Burdon Sanderson 
and Page Such records are given m our previous paper m the ‘ Proceedings ’; they 
were from the first so definite, and so constant, that they enabled us at once to pass 
on to a further development of the same method. It occurred to us that the method 
afforded a means, not only of discovering the rhythm of the nerve disturbances as 
they pass along the spinal channels, but also of investigating the hue of communica¬ 
tion existing between separated nerve centres, the mode of discharge of such centres, 
and the determination of the direct paths, whether afferent or efferent in the 
structure of the central nervous system. It is this last wider application of the 
method to which we wish particularly to draw attention in the following pages, 
inasmuch as although it has hitherto been possible by means of division or ablation 
of certain portions of tbe central nervous system, ep, the spinal cord, to trace by 
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the loss of function the probable paths of transmission of afferent or efferent 
impulses, yet such a mode of experimentation is always open to very grave 
disadvantages and sources of fallacy Such, for example, is the always recurring 
possibility of functional changes proceeding beyond the desired lesion, &c 

The accomplishment of this further purpose, viz , the localisation of both paths and 
centres by ascertaining the excitatory electrical effects in relation with them, was one 
of the main objects we had m view. 

In carrying it out we found it was unnecessary to employ the electrometer, and, 
in fact, that it was advantageous to use the galvanometer, the record of which could 
be more easily and more accurately noted, since its graduation admits of far higher 
magnification. Moreover, with this instrument it was possible, by employing a series 
of stimuli, of known number and duration, to obtain quantitative results of definite 
comparative value, as will be shown further on; and thus to compare the electncal 
effects evoked (1) in different central paths by direct stimulation of these, and (2) m 
any one path by excitation of different regions. 

The plan upon which the present paper is framed is, first, to give a historical 
retrospect of the work of authors who have opened Up the study of electrical 
changes in the central and peripheral nervous system, second, to describe at length 
our mode of experimentation, with special reference to the modifications which 
we have introduced, then to compare roughly the results we have obtained by our 
present method with those which had been previously ascertained by tbe graphic 
method, and so introduce the description of the facts which we have discovered, 
elucidating the physiology of the spinal cord both in it,s relation to tbe higher centres 
and to the peripheral nerves. In describing the detailed results of our experiments 
we have found that it is difficult, from tbe extent of ground covered by tbe subject, 
to adopt a convenient arrangement of facts, and mode of describing the same, which 
aa-e free from the fruit of repetition. We finally determined to gather the results 
together into definite groups, each Associated with the excitation and investigation of 
particular regions, and: refer in the briefest maimer to any important principles which 
were not directly elucidated by, hut only involved in, the particular experiments 
under consideration. Finally, we give at length a summary of the general conclusions 
which we consider we are justified in drawing from our experimental results.* 

* We bare wish to express otir great indebtedness to Professor Burdon Sanderson for placing at our 
disposal tbe instruments and. equipment of tbe Physiological Laboratory of tbe University of Oxford 
W e are also under especial, obligations to Mr G. F Burch, whose constructive skill provided us with 
■fee requisite electrometers, and who very kin dly gave bis assistance m preparing onr photographic 
records. 

Knally Dr. Howard Tooth has very obligingly earned out the laborious task of the microscopical 
investigation of the spinal cords in those cases where we performed the section of columns antecedently 
to the special experiments of the present research. 

' ■Tiirexpenses of the present investigation have been defrayed by grants from the Scientific Grants 
Committee- of the Royal Society, and from the Scientific Grants Committee of the British Medical 
Association. 
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CHAPTER II—HISTORICAL 

Wo consider it advisable to give a brief sketch or rathei catalogue of the chief 
facts which have been ascertained concerning the specific function of nerve centres, 
and the conductivity of nerve fibres, so far as the central nervous system is concerned, 
in order that the various points we raise m the rest of the paper may be rendered 
more intelligible when the results obtained by om method are contrasted with those 
discovered by other means. It is naturally impossible for us to give on the present 
occasion a complete history of this vast subject, we would only, therefore, allude 
to those points towards the further elucidation of which we have directed the 
present research. The procedures employed by various authors with the exception 
of the galvanometnc method may be enumerated as follows — 

1. Electrical and other stimulation with direct observation of the phenomena 
evoked 

2. Stimulation with graphic record of muscular and other movements pioduced 

3. The method of anatomically observmg the degeneration of nerve fibres consequent 
upon their separation from nerve centres with which they are in functional relation. 

4. The embryological method of observing the development or differentiation of 
tracts and fibres 

Of the foregoing methods, the first was the one by means of which the principles 
of localisation were earliest determined, and m this connection it is scarcely necessary 
to do more than allude by name to Hitzig and Fritsch, Furrier, Majnk, Lttglani, 
A lb ertoni, and others. The results they obtained are to be classed with those 
gained by means of the second method of recording muscular and other movements, 
employed in the analysis of the functions of the central nervous system for the 
first time by Franqois Franck and Pitres, and in the subsequent investigations 
of Bubnoef and Heidenhain. Thpy are open to the same objection, viz , that since 
they involve motor function they necessarily exhibit tbe activity of two sets of central 
mechanisms, and that therefore they only indicate tbe functions of the paths which 
run in the central nervous system m so far as these functions are modified by those 
paths being intimately connected with the lower or bulbo-spinal centres. 

The degeneration method, m which localisation of a nerve path is accomplished by 
means of studying the retrograde changes which nerve fibres undergo when they are 
cut off from the lowest nerve centre, with which they are in relation, should they 
happen to be paths for ascending transrq.issj.on, or vice versd from the highest nerve 
centre for descending transmission was initiated by Turck and followed up more 
especially by Charcot and his pupils, as well as by a large number of investigators, 
and neuro-pathologists of all countries This method is not free from possible 
error, since in the case of nerve channels connected at each end with central 
structures, we do not yet know what the nature of the connection must be which 
enables the nerve channel to successfully resist degeneration. Therefore, while the 
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existence of degeneration furnishes us with positive evidence as to the presence of a 
direct path, its absence does not exclude the existence of such a path. 

The embryological method, which affords a very fair control of the degeneration 
method, was instituted by Flecbsig and has since been extended by Bechterew and 
others. It gives a fair indication of the proportionate number or quantitative relation 
of the elements w hi ch go to make up any one channel, whether direct or indirect, 
but beyond this, and the all important localisation pf position, it does not carry us. 
By a special histological method, intioduced by Golgi, the apatonpcal relation of the 
paths in the developing cord have recently received a fuller demonstration, at his 
h^nds as well as Kolliker’^, Bam<5n y Cajal s and others. 

It will be convenient to tabulate the facts according as they relate to 
I. Centres. 

II. Paths 

I Centres. 

Functional Activity of Centres. 

As regards Centres, the position assumed in the introduction' 55 ' is, we believe, as a 
matter of fact, tacitly in the minds of observers, if not admitted, and the influence of 
“ basal centres” is not so overwhelmingly important as originally supposed by the 
older observers. To conveniently combine, therefore, the results without doing 
violence to the theoretical views expressed by anyone, it is only necessary to arrange 
the facts in relation to the part which is the seaf of experimental investigation 


A. Cortex. 


(1.) Latent Period ,—The loss of tune which intervenes between the application of 
the stimulus to the cortex and the commencement of the resulting muscular contrac¬ 
tion is *06 on the average in the Carnivora, (Franck and Pitres, Bubnoef and 
fiMPiajOTATN, ^chAeer, ourselves) 

(2.) Excitability ,—This property of the cortex is greatly altered, i e , either in¬ 
creased, or diminished by— 

(a) Severe haemorrhage j (b) deep anaesthesia , (c) cooling, (d) drying, (e) fatigue, 
^/^ p^dpheral stimulation of the functionally corresponding and other parts of the 
body. (Bbbnore and Heloenpain, Buzzard, Exner,) 

The latent period may vary from the effect of any of these causes as well as from 
-to infeensity of the stimulus. (BBbnqfe and Hefdenhain and other authors.) 

I 1 j , #*- 

f- ^ i i 

f that plan pf mepcvmis System, as rpgards its “ motor ” side, consists in a cortical 

of groy and a corresponding mass ip. the bulbospinal part of the central nenral axis, 

representation of function, while that finally these two great central apparatuses are 
jg^^ %y the direct paths ttrnwn $s tho pyramidal tract or excitable fibres of the corona radiata 
• ia nd, f ~wfe mnBt add$ of the lateral column, of the spinal cord, According to this view 
eereheUuna a©t-om the direct motor apparatus, if at ad, as reinforcing mechanisms 
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(3) Mode of Discharge. —The impulses generated m the cortex, and which pass 
down to the muscles may, according to the duration and intensity of the stimulus, be 
of the nature of (a) single discharges producing one muscular contraction; or (6) com¬ 
pound discharges producing tonic muscular conti action, or (c) a combination of tonic 
and clonic contractions. (Fritsch, Hitzig, Ferries,, Munk, Franck, and all other 
authors ) This last combination is to be looked upon as the complete discharge of the 
cortex, vide infra and pp. 345 349, &c 

(4 ) Nature of the Discharge — (a.) The single muscular contraction is moie pro¬ 
longed, and ceases more gradually than that elicited by a single stimulus applied to 
the motor nerve. (Franck, confirmed by ourselves ) 

(6 ) The tonic contraction is regarded by most authors as a fusion of conti actions 
evoked by many discharges. (Franck, Schafer and Horsley , mde infra <e Corona 
Radiata ”) 

(c) The tonic and clonic contractions occur m the older mentioned, and are to be 
regarded as the muscular response to a complete cortical discharge, i e , comprising a 
primary effect and after-effect 

(d ) The rate or rhythm with which these muscular responses* appear to succeed 
one another has been variously estimated by different observers m different animals 
and with diffeient instruments, and has been ascertained to be fiom 8 to 10 per 
second. 

(5.) Relation of the Discharge to the Darts of the Body. —(a.) Localisation of the 
representation of the gross divisions of the body to definite areas of cortex (Fritsch 
and Hitzig, Ferrier, Munk, Luciani, Schafer, Beevor, Horsley ) 

(b ) Localisation of the representation of segments of the gross divisions to definite 
areas of cortex. (Beevor and Horsley.) 

(c.) Localisation of the representation of the chaiacter of the various movements of 
segments to definite areas of cortex (Beevor and Horsley.) 

B. Spinal Cord 

Under this heading we will group the phenomena associated with the functional 
activity of the system of bulbo-spmal centres, i e , those in which the efferent paths 
terminate It may not be superfluous to add that the information furnished by the 
graphic method does not differentiate the complex structure of a bulbo-spinal centre, 
and that it can only yield a record of the combined action of mainly afferent and 
mainly efferent corpuscles in the posterior and anterior divisions of the grey mattei. 
All methods of observation hitherto employed involve the activity of the whole 
apparatus, and this must be borne m mind in considering the following facts 

* TEe tracing waves indicating tlie contractions are frequently suramated (Horsley ) 

Quite recently the value of these waves as indications of rhythmical nerve discharges has been con¬ 
tested (Wedenskii, Haycbaet ) 
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(1 ) Latent Period —The interval of time occupied in the passage of a nerve impulse 
from the afferent to the efferent side of a (reflex) bulbo-spmal centre is given on 
p 481, to which reference is directed (Wtjndt, Exner, and others ) 

(2 ) Excitability —This function of the grey bulbo-spinal matter is modified by the 
same causes as those which influence the Cortex, see pp 272 and 483 

When the excitability of the cord is raised, e g , that of the distal segments aftei 
section, these latter may discharge m a coordinated fashion, see p, 423, as was first 
observed by Schiff 

(3 ) Mode of Dischaige —The bulbo-spmal centres, like the cortex, present three 
modes of discharge, but not m the same degree, e g„ the combined sequence of tonus 
and clonus though sometimes present, see pp. 483-499, nevertheless occurs but rarely. 
Further, as evidenced by muscular responses, the bulbo-spmal centres appear to dis¬ 
charge at regular intervals under certain conditions of isolation and excitation, e g , 
ankle clonus (V H ), For further detail see p 483. 

(4 ) Nature of the Discharge (a ) As m the case of the cortex cerebri the charac¬ 
ter of the muscular response to excitation of the cord is different from that seen when 
the excitation is directly applied to the nerve 

(5.) The tonic contraction is usually developed more rapidly than that obtained 
from the coiona radiata. 

(c) The rhythm of the intermittent muscular contractions, fused or not, is from 
8 to 10 per second or frequently the early multiples of this rate 

(5) Relation of the Discharge to the Paits of the Body.—(a.) Localisation of the 
representation of the gross divisions of the body to different regions of the bulbo- 
spmal apparatus is well maiked (All authors ) 

(b ) Localisation of the representation of the segments of the gross divisions and the 
Character of their respective movements to different root-origins m the grey matter* 
(Ferrier and Yeo, Schife, Forgue, Beevor ) 

II Paths 

Functional Activity of the Efferent Paths 

The graphic method only permits of a limited analysis of paths, % e , fibres, inasmuch 
as there is of necessity included the bulbo-spmal system of centres for the purpose of 
giving the muscular contractions used for record Hence no result by the giaphic 
method can he regarded as pure; moreover, it only furnishes information upon the 
functions of efferent paths 

In feet, there is no direct evidence forthcoming from any method of observation, 
except that of the galvanometer, to prove that the paths themselves m the cord 
^ stable, Indeed, it has long been held by many physiologists that all effects 
obtained from stimulation of the spinal cord are dne to primary and progressive 
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excitation of reflex centres (Schiff, Chatjveau). Consequently, it must be under¬ 
stood that tbe following enumeration of facts is written and arranged m the light of 
our experimental results, set foith m the present paper 

A Corona Radiata. 

(1 ) Latent Period —The loss of time intervening between the moment of appli¬ 
cation of the stimulus to the corona radiata and the commencement of the resulting 
muscular contraction is usually 04 sec (Franck and others ) 

(2 ) Excitability — The excitability of the fibres rapidly fails upon their exposure 
Vulpian showed that relatively the excitability of the corona radiata was higher 
than that of the cortex In this he was confirmed by the observations of Boche- 
fontaine, Couty, Asch and Neisser, and others. 

(3 ) Mode of Discharge —The muscular contraction may be (a) a single twitch, or 
(6) a tonus The combination we have termed the complete cortical discharge, and 
consisting of tonus and clonus, is never seen where the cortex is absolutely removed 
(Franck, Burn off and Heidenhain m part, Horsley, Schafer and Horsley ) 

(4 ) Nature of the Discharge —( a) The tonus observed is regarded as a fusion 
of muscular responses which commence and end sharply with the beginning and end 
of the excitation 

(b ) The rate of leourrence of the individual responses is unknown. 

(5 ) Relation of the Discharge to the Parts of the Body .—Localisation of gross 
divisions of the body to certain fields of fibres issuing from cortical centres (all authors 
named above) 

B Internal Capsule 

(1 ) Excitability —The excitability of the fibres forming the internal capsule is 
very high (Franck, Gliky, Beevor and Horsley.) 

(2 ) Mode of Discharge .—Indistinguishable from that of the coiona ladiata, quod 
mcle 

(3 ) Nairn e of Dischai ge -—Ditto 

(4.) Relation of the Discharge to the Parts of the Body—(a ) Localisation of the 
representation of the gross divisions of the body to limited fields of fibres (Franck 
and Pitres, Gliky, Beeyor and Hor&ley ) 

(b) Localisation of the representation of segments of the gross divisions of the 
body to definite fields of fibres. (Beeyor and Horsley ) 

(c.) Localisation of the representation of the character of various movements of 
segments to definite fields or bundles of fibres. (Beeyor and Horsley.) 

C. Crus Cerebri 

(1 ) Excitability .—The excitability of the fibres has been determined by many 
observers. (Bulge and others) 
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(2 ) Relation of the Discharge to Parts of the Body —Localisation of tlie represen¬ 
tation of the gross divisions of the body to certain fields of fibres (Brissaud and 
others ) 

D Spinal Cord 

It will be scarcely realised, except by those who have made a special study of the 
literature of the physiology of the spinal cord, how little has been done which would 
enable us to carry out, strictly speaking, the differentiation of the subject of conduc¬ 
tion m that organ, by ari&ngmg the facts m the same way as we have just done for 
the higher parts of the nervous system So much so is this the case that we do not 
intend to do more at this stage than indicate what we believe to be a fair estimate of 
the experimental work already accomplished In introducing our own work later on, 
which directly bears on the points at issue, we shall draw attention to many of 
the more salient details which require attentive discussion We will, therefore 
now content ourselves with furnishing a general review of the function of con¬ 
duction in the cord We may note m passing that almost all the literature is to be 
found m the writings of von Bezold, Eckhard, Grunhagen, Schiff, Immantjel 
Munk, and others We would, in the fiist place, urge, what we have reason to do 
with greater weight later, that not one of the foiegoing methods, i e , graphic degene¬ 
ration, embryological, &c, is capable of answering the question of conduction or its 
localisation m an absolute manner The great difficulty m considering conduction by 
the cord is the disseverance of the action of the bulbo-spmal centres from that of the 
nerve fibres which happen to pass through or by them, and this difficulty does not 
appear to us to have met with the amount of attention that it would naturally seem 
to deserve In fact, to our mmd the galvanometric method is the only means within 
our reach at present by which a solution can be arrived at, and even that method 
requires to be considerably further elaborated. 

Dividing conduction m the spinal cord into the two great classes of— 

1 Conduction of impulses downwards , 

2. Conduction of impulses upwards ; 

we are able to summarise the facts which appear to be thoroughly rehab!e as follows — 

(l.) Conduction of Impulses downwards —In Man and the highest Apes direct 
conduction downwards, i e , from the cortical centres to the bulbo-spmal system, 
appears to be provided for in the upper half of the spinal cord by both the anterior 
column, close to the margin of the anterior fissure, and, speaking roughly, by a 
triangular area in the posterior part of the lateral column, just external to the 
posterior horn of grey matter 

(2-) Conduction of Impulses upwards —There is known to be an entrance from each 
^$terior root into the postero-extemal column of fibres, which run directly from the 
of the posterior root as high as the medulla oblongata. These direct fibres 
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are further known to gradually tend towards the middle line of the cord as they are 
displaced by others entering the cord m proceeding upwards Further these direct 
fibres are strictly unilateral, so far as is known at the present time 

There are, m addition, also other known systems of ascending channels, but these 
are not directly continuous with the loot, but start indirectly from central mechanisms 
which, to judge from the degeneration method, although this is of course not absolute, 
appear to intervene. These are (1) the direct cerebellar tract which runs up the 
posterior and outer surface of the lateral column, and (2) the antero-lateral tract 
which occupies a similarly lateral position further forwaids on the margin of the cord 
In addition to the foregoing, there is some evidence to show that mternuncial fibres 
run m the lateral column m about the inner third of its centre, or a httle posteriorly 
to this point Of the existence of channels for transmission of impulses upwards m 
the opposite posterior column to the side of the root by which they enter the cord 
nothing is known for certain 


History of the Galvanometnc Method of Determining the Action of the Nerve 

Centres and, the Course of Nerve Channels 

As we have before frequently acknowledged, the real basis of the galvanometnc 
method was the discovery by du Bois-Reymond^ of the negative variation produced by 
excitation m the resting electrical difference of a nerve path Since that discovery, 
the idea has doubtless occurred to various physiologists that, by this means, we might 
discover the mode of functional activity of nerve centres CatonI was the first to our 
knowledge who directly employed the galvanometnc method of determining such 
variations for the investigation of the activity Of n,erve centres, and the localisation 
of the same He connected points on the external suiface of the cortex with the 
galvanometer, and he found that the uninjured external surface of the brain was 
usually positive to a section of the same When any part of the cortex thus 
investigated was thrown into activity, the resting difference showed distinct negative 
variations Thus, in the Monkey, after the cortex had been prepared and the 
electrodes applied to the centres (Ferrier) of rotation of the head and mastication, 
the negative variation or action current showed itself when these movements were 
performed. Further, m the Rabbit, when the area of the cortex which subserves the 
movements of the eyelids was investigated, the negative variations showed themselves 
when the opposite retina was illuminated. SetschenowJ was the first to our know¬ 
ledge who connected the medulla oblongata with the galvanometer. He noticed 
certain periodic variations in the resting electrical difference, which he attributed to 
periodic changes of the functional activity m the bulbar centres 

* ‘ Untersuchungen liber Thierische Elelctricitat.’ 

t‘ British Medical Journal,’1875, also ‘Transactions of the IX International Medical Congress, 1887 * 

| * Archiv fur gesam Physiologic,’ Pfluger, vol 25, 18^t, p 281 
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We commenced our researches m 1888, and published a preliminary account of the 
same as stated m the intioduction to the present paper Moreover, we demonstiated 
our method m 1889 before the Physiological Society, and further, at the International 
Physiological Congress, held in Basle, m September, 1889, we made a general 
communication on the method, and showed a complete experiment to the physiologists 
there assembled An abstiact of our paper m the ‘ Proceedings of the Boyal Society/ 
was published m the c Centralblatt fur Physiologie/ 1889, and the account of the 
demonstration at Basle was published m October, 1889, not only in the ‘ Centralblatt 
fur Physiologie/ but in the ‘ Progres Medical/ 1889, and elsewhere We have 
published, on the occasion of a priority discussion presently to be alluded to, m the 
‘Centralblatt fur Physiologie/ 1891, the various publications we have made of our 
method arranged in chronological order It was not untd the close of 1890 that we 
learned that the galvanometnc method was being employed abroad On the 8th 
November, 1890, there appeared in the ‘ Centralblatt fur Physiologie/ a paper by Dr. 
A. Beck, of Cracow, who, ignorant apparently of our publications and demonstrations, 
described the galvanometric method, and pointed out the value of it in determining 
the localisation of contripetal or afferent nerve function m the brain and spinal cord. 
This paper, however, was really but an abstract of a full paper which was presented to 
the Academy of Science m Cracow, m 1890, a copy of which we owe to the kind courtesy 
of Professor Cybtjlski, and in which is given a brief reference to the Basle demonstra¬ 
tion, but no reference to our publications in 1888, or to Professor Biedermann’s 
abstract of the same m the c Centralblatt fur Physiologie/ 1889. The appearance of this 
paper produced a priority reclamation by Professor Ernst Eleischl von Marxow, of 
Yienna, published m the f Centralblatt fur Physiologie/ on the 6th of December, 1890 
In this communication Eleischl. showed that, as long ago as the 7th of November, 
1883, he had deposited m the archives of the Imperial Academy of Science m Yienna 
a sealed letter, m which he announced that he had employed the galvanometric 
method for the same purpose, vide infra*? as Beck and with the same details 
Eleischl, ha this reclamation, does not mention any more than Beck, the prior 
investigations of Caton, or our publications and demonstrations of the last thiee years 
Although Eleischl appears to have independently thought of employing the galvano¬ 
meter as an index of functional activity in the nerve centre, when it is the seat 
of centripetal or afferent disturbance, his method of recording his idea m a sealed note, 
discounts the credit that otherwise might fell to him All these authors have dealt 
with the employment of. the galvanometer as an index of the changes going on in the 
nerve centre, %.e., nerve corpuscles, when that nerve centre is directly connected with 
the instrument We will allude directly to the results obtained by Beck and by 
Eleischl, but we wish to point out that from our own observations made m the same 
way, we are not at present satisfied that the basis of these researches is entirely 
^ppt^orthy (see Chapter IX), and that they deal with but one point in this extensive 
Bo far as we are aware, we ^pere the first to determine by use of the electrical 
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method the localisation and quantitative estimation of either centripetal or effeient 
impulses issuing from nerve centres m functional activity, and, m addition, we first 
employed it for the determination of the localisation of paths or channels of nerve 
function, particularly m the spinal cord After this preliminary statement, which has 
been rendered necessary by the publications referred to, we will refer to the results 
which were obtained by Fleischl and Beck respectively, although, as we said just 
now, these results are, we consider, for the reasons we discuss on p 29(5, not to be 
immediately accepted. Fleischl (loc. cit ) connected, by means of non-polarisable 
electrodes, two symmetrical points on the suifaces of the cerebral hemispheres with 
the galvanometer, and found that m the resting condition there was little or no 
electrical difference If, however, a sensory end organ, whose corresponding area of 
the cortex was thus connected, were excited, the effect produced was an electncal 
difference as recorded by the deflection of the galvanometer This effect he especially 
obtained when the visual centre discovered by Mttnk was connected with the 
galvanometer and the eye illuminated, whereas little or no difference followed ex¬ 
citation of cutaneous nerve endings Finally, he found that profound narcosis with 
chloroform or ether abolished this effect, and that special precautions must be taken 
against cooling of the preparations 

Beck (loc cit ) removed the brain, spinal cord, and sciatic nerve of the frog en 
bloc and placed the preparation on a glass plate, he then apphed non-polarisable 
electrodes made of kaolin and 0 6 per cent salt solution to the longitudinal surface of 
the spinal cold and connected them with a Hermann’s galvanometer He found 
that there was constantly an electncal difference of such a nature that the centripetal, 
i e , proximal parts of the nervous system were always electro-negative to centrifugal 
or distal parts. If then the sciatic nerve were excited this primary difference was 
increased, provided the galvanometer electrodes were placed above the lumbar en¬ 
largement. If, on the other hand, the sciatic nerve were excited while one of the 
non-polarisable or leading-off electrodes were placed on the lumbar enlargement, there 
was observed a negative variation of the primary difference In another series of 
experiments on Dogs and Rabbits he connected two points of the surface on one 
hemisphere with the galvanometer, and found that there were more or less legular 
swaying movements of the needle, and which he regarded as u action currents ” 
Excitation of the retina caused the visual centre of Mtjnk to become negative to the 
rest of the hemisphere 

Danilewsky* has quite recently published the results of five experiments which 
he performed m 1876, and in which he found that when non-polatisable electrodes 
were connected with the cerebral hemispheres (whether superficially oi deeply) and 
with a sensitive du Bois-Reymond galvanometer negative variations of the restmg 
difference were observable as consequences of vaiious modes of sensory stimulation 
The portion of the hemisphere from which these effects were obtained was the 

* ‘ Centralblafct fur PRysiologie,’ April, 1891, p 1 
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posterior part alone, and in most cases opposite to the side to which the excitation 
was applied 

CHAPTER Til—DETAILED DESCRIPTION OF THE METHODS EMPLOYED IN 

THE PRESENT RESEARCH 

The description of the methods may be best effected by considering, m succession — 

1 The method of anaesthesia employed 

2 The opeiative procedure 

3. The recording and exciting apparatus. 

4 The geneial procedure and the precautions used 

Section I— Method of Anaesthesia 

The anaesthetic employed m these experiments was, m almost all cases, ether, the 
exceptional cases being those in which some bronchial or nasal catarrh rendered it 
advisable to substitute chloroform, this latter giving a more even and steady narcosis, 
though at greatei risk to the animal 

The physiological action of ether has received considerable attention lately, and a 
few points m connection with it are of sufficient importance as bearing upon our 
experiments to warrant a more detailed notice 

In the fiist place, it has been shown (Hooper, Semon and Hojrsley, Bowdttch, 
and others) that ether when present m the circulating blood through inhalation, 
appears to have a distinctly differential effect upon the two kinds (red and white) of 
muscle, or upon their innervation, % e, centies, fibres, or nerve endings 

Further that the direct apphcation of the liquid or vapoui of ether to the trunk of a 
nerve causes paralysis of its physiological conductivity.* (Hooper and Bledermann.) 

The investigations of FLOTJRENSt m 1847 had elicited the fact that the inhalation 
of ether produced physiological effects, in which the functional activity of the reflex 
centres was abolished before that of the conducting nerve paths, and this has been 
substantiated by the work of other investigators. 

It is with special reference to the action of ether upon these two structures that 
the present remarks are introduced, since, with the exception of the few experi¬ 
ments m which we employed the graphic method, our work has been entirely confined 
to the study of the changes in nerve centres and nerve fibres 

It was consequently of primary importance for us to know to what extent the 
inhalation of ether has a differential action upon nerve centres as distinct from nerve 
ft b^es., ’ .. 

connection experiments (Horsley and Spencer) have shown that the 

* Biedermaxh, ‘Wien, Akad Sitzber,’ vol 97, 3 Abtb., 1888 
i FrooRENS, * Comptes Rendns/ yol. 24, 1847, p, 161. 
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instant effect of ether inhalation is a remarkable fall m blood-pressure, such a fall 
m blood-pressure as the early experiments of Vulpian showed would of itself, if 
sufficiently pronounced, cause a diminution m the functional activity of all the 
neive elements, such dimmution occurring first and most markedly in the centres, 
and even a comparatively slight fall may be followed by a loss m the excitability of 
these, although the nerve fibres might not be appreciably affected 

The effect of ether, therefore, m diminishing the excitability of the cortex and 
lowering its functional activity may be in part due to changes in the circulation 
It is probable, however, that the ether m the blood exercises a direct toxic effect 
upon the neive structures, of a similar kind to that which is brought about by the 
direct action of the vapour already alluded to We are not aware of any experiments 
as to the direct toxic action of ether vapour upon nerve centres , but it is extremely 
probable that such action occurs and that the centres should be affected by an 
amount of ether m the circulating blood which is too small to affect in any sensible 
degree the fibres 

Whatever the share which the two factors, blood-pressure changes and ether in the 
blood, may respectively have m the production of the effect, the result is that 
profound general narcosis serves to abolish the functional activity of nerve centres 
before that of nerve fibres. We have therefore made use of etherisation, with due 
caution, to assist us m analysing the compound excitatory effects observed when a 
complex structural arrangement of centres and fibres has been stimulated, and we 
have m all cases observed great care m noting as accurately as we could the degree, 
whether profound or slight, of narcosis at the time of each experimental observation. 

There is one possible disadvantage m the use of ]arge quantities of ether during a 
considerable period of time which is not very obvious at first sight, and that is the 
amount of vapour which is present m the air of the room It did not occur to us that 
this could act injuriously upon the preparations under investigation until we noticed 
m three prolonged experiments in which, owing to the method of inhalation, a large 
quantity of ether was used m a warm close room, that both the exposed cortex and 
the sciatic nerve suddenly lost their excitability, which they did not regam. The 
possibility of this being due to that injurious action of the ether vapour dissolving in 
the liquids upon these structures, which was pointed out by Biedermann, then 
occurred to us The effect of the vapour in the room was increased, perhaps, by its 
dissolving in a warm bath containing 0 6 per cent saline, which mixed with the blood 
of the animal was employed for irrigation, &c, of the nerve structures Although 
the failure might have been due to other causes (exposure, &c), stiff the fact of its 
not occurring when special precautions were taken to avoid the excessive evaporation 
of ether into the room and the contamination of the saline, leads us to conclude that 
the cause mentioned is at any rate a depressing factor which ought, as far as possible, 

to be excluded. 

The use of chloral or morphia would undoubtedly entirely exclude any error of this 
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bind, but it has the enormous disadvantage that it is impossible to alter the degree of 
narcosis, and, as will he seen, such alteration is an essential condition m experiments 
of the kind which we have undertaken. 

As regards the practical administration of the anaesthetic, the best results were 
obtained by pushing the etherisation at first to a profound degree, so as to abolish 
entirely superficial reflexes, and always by causing profound narcosis before per¬ 
forming any operation, such as division of the spinal cord, &c, which would, if the 
narcosis were less deep, entail depressant effects upon the centres concerned with 
systemic life through the damaging influence of shock Subsequently when, the 
operative procedure having terminated, the actual observations were being made, the 
narcosis was rendered less and less intense as the slow collapse inseparable from the 
experimentation asserted itself This slow collapse, since it involves the gradual 
failure m excitability of the nerve structuies and primarily of the nerve centres, 
has the same effect as an anaesthetic m producing narcosis, which was preferably 
intensified by the administration of ether m small repeated doses rather than m few 
large ones. 


Section II— Operative Procedure 
* 1 Exposure of the Cortex and of the Corona Radicita 

(A ) Cortex —The animal, having been deeply anaesthetised m the manner stated, 
was further immobilised on a firm support, upon which a metal vessel was placed so 
as to be underneath the thorax This was kept filled with hot water and, combined 
with suitable coverings for preventing loss by radiation, served to keep up the 
temperature. 

The dura mater was then exposed lege artis to the necessary extent and over 
the required region, all haemorrhage from the bone being instantly arrested by the 
use of soft modelling wax, &c. As soon as the dura mater was cleared the wound 
was closed, and kept covered with sponges soaked in hot 0 6 per cent saline solution, 
whilst the further operations necessary for the experiment were undertaken. 

The cortex was finally exposed by taking up the dura mater by means of iridectomy 
forceps or fine curved needles, and dividing it, care being taken to keep it always 
protected with hot saline sponges unless an actual experiment was in progress. 

(B.) Corona Radmta —The cortex having been thoroughly exposed, a sharp 
scalpel was passed horizontally through the hemisphere in the plane of the centre of 
the coronal gyrus, and the upper and anterior thirds raised as a lid of a box Pieces 
of amadou were then gently laid and pressed on the edges of the cut, thus arresting 
the free bleeding from the vessels of the pia mater. Care was always taken to 
d^ermine precisely the topography of the section, and to accurately apply the 
to the fibres coming from the requisite area of the cortex The necessity 
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of this care is obvious to those who are familiar with the hmitation of the fibres m 
the corona radiata, but we thmk it well to mention the fact, as a malposition of 2 mm 
is sufficient, with the stimulus we employed, to prevent the production of the effect 

2 Exposure of Peripheral Nerves 

The great sciatic nerve was usually selected for this purpose, and was exposed m 
the thigh for 6 centims. of its length It was then divided near the knee, and its 
central end ligatured, care being taken to prevent any pull upon the structure, or any 
injury to the artena comes nervi iseJnadici which was always included m the ligature 
When not required for purposes of immediate experiment it was migated with 0 6 per 
cent saline solution, and covered over by the skin and muscular flaps During use, 
whether for purposes of excitation or m connection with the non-polansable electrodes, 
it* was always so fixed that no movement of the animal could pull upon the stiucture 

3. Preparation of the Spinal Cord for Observation 

The spinal cord afforded naturally more difficulty m its preparation, and this 
requires therefore a more detailed description 

The objects m view were— 

(a ) To expose and divide the cord. 

(b ) To preserve as far as possible its circulation 

(c.) To fix the spinal column so that no accidental movements of the animal should 
affect it. 

(d) To avoid the depression due to cooling, drying, &c. 

(e.) To secure for the purposes of electrical investigation as complete an isolation as 
possible of its different parts. 

These requirements were met as follows — 

(a.) Exposure and Division —The muscles were rapidly exposed over the dorso- 
lumbar region, and then partially extirpated and cleared from the vertebral laminae; 
haemorrhage was treated by frequent irrigation with 0 6 per cent salme at a tempera¬ 
ture of 50° C., and pressure of hot sponges. The exposed vertebral arches were then 
carefully lemoved piecemeal for 6 to 8 centims., by the aid of powerful but fine- 
pointed bone forceps 

In those cases in which the reflex effects of the lower fragment of cord were inves¬ 
tigated, the cord was only exposed for a very short distance by the removal of one 
lamina and then divided under profound anaesthesia. The small wound was then 
closed and kept covered with hot sponges 

"When a long portion of the cord was exposed the theca was divided in the middle 
line with great care, the division being especially free at that portion of the exposed 
area which was to remain m continuity with an unexposed region, so as to avoid 

2 o 2 
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any danger of strangulation when the freed portion of cord was subsequently raised 
On reflection of the dui a, a ligatuie was cautiously passed around one end of the 
exposed cord, the end chosen varying in accordance as it was desired that the 
observed portion of cord should be m communication with the brain or with the 
sciatic nerves If the foimer, then it was knotted gently round the lower end so as 
to securely close the vessels, and the cord divided immediately below the ligature 
The (central) end was now raised by the ligature, and the nerve roots exposed and 
divided one by one until the whole portion of the exposed cord was freed from all 
attachment except at the upper end, where it was continuous with the central 
unexposed region In the case of experiments upon the cord severed from the bram 
but in connection with the sciatic nerves, the ligature having been apphed round the 
upper poition of the exposed tract, the cord was divided on the central side of the 
ligatuie and the exposed portion freed downwards in a similar manner to that just 
described. 

(b) Preservation of Circulation —The circulation in the exposed portion was 
maintained as far as possible by the ligature of its cut end, including the main vessels, 
and by keeping the cord m connection with an undisturbed portion, and avoiding any 
strangulation of that connection 

(e) The Immobilisation of the Spinal Column —The fundamental importance of 
fixing the vertebrae necessitated the employment of a special clamp This clamp was 
applied so as to firmly grasp in its powerful vice-jaws the transverse piocesses of the 
spinal column in the immediate neighbourhood of the exposed cord The jaws were 
fixed on a stem, and approximated by an ordinary double screw In order to avoid the 
extraneous electrical effects which the presence of metal surfaces m contact with moist 
cut tissues necessarily involves, the jaws were made of stout pieces of ivory. The 
stem carrying them was fixed to a powerful upright attached to the experimental 
table, and so arranged as to secure a fixation vertically above the preparation. (See 
Plate 29 ) 

(d.) Cooling and Drying .—The exposed cord was kept bathed with the warm 
saline solution until it was actually the subject of experiment, when, if it were raised 
m air, care was taken to keep steaming sponges in its immediate neighbourhood. 

(e ) Isolation. —The necessity of isolation for purposes of galvanometnc observation 
will be referred to later on This isolation was produced by raising the ligatured end 
of the exposed portion of cord, so that the portion swung in air without pulling upon 
its deep attachment. The electrodes, &c., were adjusted as described in the succeeding 
sections. 

4. Division of the Exposed Portion of Cord by a Longitudinal Incision. 

For certain purposes it was desirable to observe the galvanometric effects in each 
tsalFhf the cord independently. These were (1) the determination of the comparative 
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value of the cord excitatory effect direct and crossed when the cortex is excited, 

(2) the determination of the bilaterality of representation m one hemisphere, and 

(3) that of the extent to which fibres cioss from one side of the cord to the othei 

We therefore devised the plan of dividing the exposed portion of cord by a longi¬ 
tudinal incision, either m the lateral or antero-posterior direction. 

The formei was effected as follows — 

The cord, having been exposed, was severed, freed from its attachments, as previously 
described, but not ligatured. It was then kept bathed with warm saline, and placed 
upon a thin sheet of warmed cork with a shallow groove m it The posterioi fissure 
could'always be easily seen, and a longitudinal incision was then carried through it from 
the posterior to the anterior fissure by means of a razor or shaip scalpel, the incision 
commencing at the attached end of the cord. It is essential that m this operation 
the instrument should neither pull nor press upon the cord unduly, but, since the 
division mvolves both pressure and pull, the infliction of mjuiy can only be miti¬ 
gated by slowly making drawing incisions, first only through the posterior fissure, 
and subsequently deeper and deeper until they have passed into the thickness 
of the cord. The exposed portion is partly divided m this way down to its point of 
transverse division for a distance of 2 centims or more. Iriigation with warm saime 
being maintained, the edges of the wound are gently separated, when the central 
canal of the cord will be seen in the bottom of the cut, with this as a guide, it is easy 
to continue by similar incisions the mesial division, until a complete separation of the 
cord into two halves is effected (See Plates 31 and 33 ) 

Each half thus prepared was now ligatured close to its cross section, and raised m 
air for the necessary isolation when it was desired to subject them to electrical 
observation They were kept apart by the ligatures being earned to the respective 
ends of a glass T-piece, or of two vulcanite rods arranged as a V. 

Frequently the cord, when thus prepared, bled rather freely from the central end 

of the cut 

The simplest way to check this was found to be to press into the lips of the cut a 
small fragment of soft dry amadou, and leave it in contact with the bleeding point j 

It might, perhaps, have been expected that such division would seriously impair 
the physiological conduction of its fibres It will be seen m the following pages that, 
as far as the lateral tract is concerned, such impairment is not evidenced by our 
observations, but that undoubtedly the posterior columns in the immediate neigh¬ 
bourhood of the incision are injuriously affected by the process. 

We have also divided the cord into a posterior and anterior half by gently raising 
it when freed and passing through it a thm-bladed knife from side to side opposite the 
attachment of the ligamentum denticulatum, and carrying it forward to the free end 
of the preparation. 
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5 Preparation of the Spinal Cord for Excitation 

Another mode of preparation remains to be referred to, that, namely, in which the 
cord, when severed from its connection with the brain m order to investigate the 
functions of the lower fragment, is to be excited. 

It was necessary for these experiments to sever the cord as high as possible, 
though, as a matter of fact, it was found advisable not to perform the operation at a 
higher level than that of the 7th dorsal vertebra, otherwise, serious impairment 
of respiratory and vaso-motor functions followed, and profound shock vitiated the 
experimental results When the upper end of the lower fragment of cord was to be 
excited, this was further exposed, and a piece 5 mm m length excised on the peri¬ 
pheral side of the section, so that by looking into the gap the structures on the cut 
surface of the cord could be seen and the excitation localised The gap was made 
absolutely dry with amadou and small pieces of sponge when the cord was to be 
excited 

Finally, a series of experiments involved the division of the cord at two levels A 
portion was thus cut off, both from the brain and from the lumbar plexus, and prepared 
so that one end could be connected with the non-polarisable electrodes and observed 
whilst the othei was excited In all these cases the upper division was effected first, 
so as to dimmish the shock which the further operative procedure connected with the 
lower division caused. The end with which it was desired to connect the electrodes 
was then carefully exposed, ligatured and freed from its connections, as already 
described under (3), whilst the other end was prepared for excitation 

6. Preparation of the Roots of the Nerves. 

The posterior and anterior roots were m some instances prepared for excitation, m 
others for observation. In both cases the roots chosen were those forming the cauda 
equina , and they were exposed by a suitable opening of the spinal canal and theca in 
the manner previously indicated. The roots were carefully separated and when 
required each one was ligatured near its peiipheral attachment and divided Great 
care is necessary to avoid pulling, drying, &c., m the case of the roots (See 
Plates 34 and 35.) 

7. Section of Columns of the Cord. 

In many experiments it was necessary to make a section of one or more of the 
columns of the cord between the part excited and the part observed. The method 
employed was to expose a portion of cord for the purpose and then to make the 
section by means of Beer’s cataract knife, completing it by means of a fine-cutting 
needle or occasionally fine-pointed sharp scissors In every case the limitation of the 
eectipn was ascertained by post mortem examination When a hemisection of the cord 
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was to be made, an additional precaution was adopted to ensure its accuracy, the 
cord being fixed by a fine needle 

In some instances it was desirable that such mtervenmg localised sections* should 
be made some weeks previous to the actual experiments This notably incieased the 
labour of the research, but is an essential control to such an experimental enquiry as 
the present one The animal was in all instances etherised and the seat of operation 
having been carefully shaved, disinfected, &c , the necessary exposure and section were 
then made under all aseptic precautions, the wound uniting by first intention when 
treated m the manner described by one of us m previous experiments of this kind 

In conclusion, it may be pointed out that since almost each experiment involved 
exposure,^ &c, of several different portions of the central nervous system, we adopted 
the plan of performing these slowly, taking at least an hour 01 more in the preliminary 
operative part of the experiment. We found that m this way less general shock 
occurred than when the various parts were rapidly prepaied one after the other 

Section 3 — "Recording and Exciting Apparatus 

The recording and exciting apparatus used m the present research was chiefly that 
adapted for determining the comparative amounts of the electrical changes m the 
spmal cord and nerves at rest and when subjected to an excitation of definite intensity 
and duration 

The apparatus and its arrangement will be best indicated by separating it into the 
following groups *— 

(l) The apparatus used in connection with the observation of the electrical changes. 

(2.) The apparatus used in connection with the excitation 

(3 ) Extra apparatus used for determining the characters of the muscular contrac¬ 
tions 

1 The Electrical Apparatus for Observation 

Both these instruments were used to indicate the electrical changes evoked m the 
spmal cord and nerves 

(a ) The capillary electrometer was made by Mr G- J Burch t The mercurial 
column was magnified about 300 rimes by the special microscopic arrangement 
employed, and was sufficiently sensitive to show perceptible movements when con¬ 
nected with a difference of potential of r~ o q ~q~ o ' Darnell, its reaction was quick enough 
to enable it to respond to a difference of xfoo' Darnell when connected with that 

* The localisation of all points or regions of the cord exposed is expressed m terms of the body of the 
vertebra, or intervertebral disc, opposite to which the section was made We furnish m Appendix A the 
topographical relations which the spinal segments bear to the superficial origins of the several nerves 
from the spinal cord 

f Proceedings of the Royal Society 
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difference by means of a rheotome for only yoVo second. The ocular of the microscope 
was fitted with one of Zeiss’s micrometers, the scale being worked across the field 
by a screw mechanism. In the particular arrangement employed, the scale bore such 
a relation to the actual dimensions of the capillary that one division corresponded 
to xoho millimetre of the object A difference of potential of tooo Darnell when 
connected with the poles of the electrometer produced a movement of the mercury 
amounting to y§o' millimetre, and this, when viewed by means of the eyepiece, 
amounted to five divisions of the scale 

The element of uncertainty in connection with the movement of the electrometer 
under different conditions and the difficulty of obtaining reliable records of changes 
differing from one another by constant but small amounts, induced us to abandon the 
instrument for the quantitative observations which make up the bulk of the present 
research. It was, however, often used as a means of asceitaming the existence and 
character of electrical changes during the initial stages of a new series of experiments, 
and proved m this respect a useful guide. 

The movements of the meniscus were m most cases observed by the eye, but in some 
cases they were photographed upon a travelling sensitive plate, as in the experiments 
described m our previous publication 

(5 ) The galvanometer was the instrument upon which we relied for results suscep¬ 
tible of quantitative comparison It was made by Messrs Elliott upon the lmes of 
Thomson’s reflecting instrument, and had a resistance at 16° C of 20,364 ohms The 
light magnetic system was effectually damped by being enclosed between two plates of 
glass 2 mm apart, the alummium vane of the ordinary Thomson being dispensed with 
to secure a decrease m the mertia of the system 

The degree of sensibility employed was such that the needle and mirror gave a 
deflection amounting by the reflecting method of observation used to 650 scale, when 
the instrument was connected through a resistance of 10,000 ohms (external to its 
own resistance) with a difference of potential amounting to '01 Daniell, and when 
only yJo of the current in the circuit was allowed by the shunt to traverse the instru¬ 
ment. The small mass of the system enabled it to respond to currents of very short 
duration, thus with an additional resistance of 10,000 ohms m the circuit, a difference 
of 'OlJDaniell produced a deflection of 5 scale when connected by means of a rheotome 
with the galvanometer for a period of only xowo secon d 

The deflections of the magnetic system were measured by the usual reflecting 
method t a biconvex lens of 4 inches focal length was, however, introduced almost 
3 centims. in front of the source of light between it and the concave mirror (of 
40 mches radius) of the system. The screen behind which the light was placed was 
pierced by a circular aperture bisected by a vertical cross wire, and the reflected 
linage on the scale was thus a large well-illuminated disc with' a sharply-defined 
* vertical shadow dividing it. The position of the edge of the vertical shadow on the 
scad^ Could he thus observed with great accuracy, since the moving illuminated disc 
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was of sufficient size to embrace in its field a considerable range of tbe figures of 
the darkened scale on each side of tbe shadow of the upright. 

Eig 1. 

I RECORDING CIRCUIT 



The arrangement by which either of the above-described instruments could be 
connected with the experimental circuit, and thus with the particular structure, 
whether spinal cord or nerve, under investigation, is shown m fig. 1. 

In the above arrangement the method of compensation and the method of 
connection with the tissues call for a few descriptive details. 

(c ) The compensator was of the pattern used m the Physiological Laboratory, 
Oxford, and was similar m its general plan to that described by Bttrdon Sanderson, 
as used in his work on the electrical properties of Dioncea * 

The total amount of wire m the instrument offered a resistance of 10 ohms, of tins 
a portion at one end, 125 centims m length and of 1 ohm resistance, was exposed and 
lay tightly stretched upon a boxwood scale Upon this boxwood bed a heavy block 
carrying a wire was allowed to slide The block was furnished with a pointed index, 
the under surface of which, covered with platinum, formed the sole contact with the 
wire ; its position was easily read upon the scale beneath it 

The battery used in the primary circuit of the compensator was the Callaud 
.pattern, which is a Raoult battery without any porous cell. This had been found by 
one of us to be the simplest and most satisfactory battery for the purpose As used 
in the present research, it consisted of a glass jar containing about a htre, into this 

* ‘ Phil. Trans,,’ 1882. 
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about 300 grms. of sulphate of copper crystals were placed, and the whole filled up 
with distilled water , a coil of sheet copper, with insulated connections, is immersed 
m the crystals, and a ring of zinc m the superficial liquid 

The cell was always prepared forty-eight hours before use, and since the subsequent 
alterations take place with great regularity and are slowly produced, the cell, 
when evaporation is prevented, is very steady, and is thus particularly suitable for 
tbe purpose indicated. 

The value of a given interval between different points of the compensator wire 
when the Callaud cell was coupled up with it was always estimated before each 
experiment and contrasted with that produced by a known fraction of a carefully 
prepared Darnell cel] This latter was determined by the balancing method employed 
by dh Bois-Beymond and described by him in connection with his use of the “ Bund 
Compensator ” in his standard work on the technique of physiological experiments 
involving observations of electromotive changes. The measurements by the com¬ 
pensator, although made with the Callaud, were thus all translated into terms of 
a Darnell cell. 

(d ) The non-polarisable electrodes which formed the connection with the tissues 
consisted m some instances of two pairs. Each pair was then joined to the two 
screws on one end of a Pohl’s reverser (without cross-wires) to the middle screws 
of which the wires forming the mam circuit were connected. Either pair of 
electrodes could thus be rapidly connected with the recording instrument by 
turning over the switch In this way the changes in each of the two prepared 
sciatic nerves, or m each separated half of the isolated and longitudinally divided 
cord, could be ascertained one after another m rapid succession 

In the majority of experiments only one structure was examined, and one pair of 
electrodes was therefore used and introduced into the mam circuit 

Each electrode consisted of a U-shaped glass tube containing, a saturated solution of 
zinc sulphate with a well amalgamated and annealed zinc dipping into one limb. 
This form was preferred in consideration of the experimental necessity of keepmg the 
electrodes exposed for an hour or more, in order to minimize the alterations due to 
evaporation. 

It was of the first importance that the connection of the electrode with the 
investigated structure should be so firmly attached as to suffer no displacement from 
any chance movement of the animal, and that they should be of such a nature as to 
readily permit an adequate isolation of the structure from all its neighbouring tissues. 
This was effected in the case of each electrode by means of thread cables made out of 
the soft strands of such wicks as are used in ordinary paraffin lamps, since these 
readily imbibe and become soaked with moisture Two strands 10 centims long, were 
usually taken and soaked in 0'6 per cent, solution of NaCl, they were then plastered 
“with powdered kaolin, made into a paste in'similar liquid, and thus united into a 
do^^^hle. This cable was passed under the structure investigated and tied gently 
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round it; the two ends of the tie were then united together, thus forming a cable of 
four strands The end of this cable was fixed into a plug of kaohn moistened with 
similar sodium chlonde solution, which was united in the usual way with sulphate of 
zinc kaolin paste, and this with the liquid m the one end of the U -tube Since from 
4 to 5 centims of this yielding cable thus hung between the rigid part of the electrode 
and the attached structure, this latter could be moved so as to isolate it from the 
neighbouring tissues without interfering with its electrode connection, whilst, owing 
to the soft cable being tied around the structure no displacement of the point of 
contact was possible in consequence of such movement 


2. The Exciting Arrangements 

The method of excitation involved the use of (a) electrical, (6) mechanical, (c) 
chemical stimuli. Of these the electrical, as alone admitting of accurate graduation, 
is the most important. 

(a ) Electrical Excitation —The exciting arrangement involved m almost all cases the 
production of a rapid succession of induction shocks. These were obtained from the 
secondary coil of an induction apparatus of the general pattern of that devised 
by DU Bois-Reymond, and usually employed in physiological research. The par¬ 
ticular coil used was made and standardised m Berne, under Professor Kronecker’s 
direction, and differed from those ordinarily used m having a scale which denoted for 
every position of the secondary coil, with reference to the primary, the relative 
intensity of the current induction effect (Bowditch.) Since the ordinary scale, 
that of distance in centims. is most generally known to physiological woikers, we 
append the comparison of the numbers of the two systems showing their relative 
intensity. 
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Two Darnell cells coupled for intensity were used m the circuit of the primary 
induction coil; this contained an automatic electro-magnetic vibrator, which closed 
and opened the circuit 50 times per second 

The interrupted circuit was a derivation bridging the primary coil (Helmholtz side- 
wire), so that each interruption should induce make and break currents of approxi¬ 
mately equal intensity, thus avoiding the accumulation of polarisation after-effects in 
the excited tissue The electrodes were well insulated platinum wires with points 
1 millim. apart. When placed on the tip of the tongue, a slight acidity only was 

2 p 2 
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perceptible with the secondary coil at 2000, the tingling effect becoming first dis¬ 
tinctly felt at 4000, and painful at 12,000. 

The arrangement of the exciting circuit is given in the preceding figure 1, p. 289, 
the only feature calling for remark bemg the use of a revolving mercurial key in the 
secondary circuit 

This key consisted of a hard paraffin bed, supporting two semi-circular narrow 
vulcanite troughs containing mercury. Into these dipped the two ends of a loop of 
stout platinum wire, which was carried by a horizontal revolving vulcanite arm 
Each mercurial pool was connected with one termmal of the secondary induction coil, 
so that when the platinum loop connected the two pools a short circuit was made for 
the secondary coil The arm was driven by a clock at such a rate that a whole 
revolution occupied a period of 10 seconds 

By means of the key (D E) shown m the plan, the secondary coil was additionally 
short-circuited, and the revolution of the arm thus made ineffectual, when, however, 
it was desired to excite the preparation, the key was opened for one revolution only, 
and the secondary coil was thus disconnected from any short circuitous arrangement 
during 5 seconds. The interrupted induction currents were thus allowed to traverse 
the tissue between the platinum points of the exciting electrodes for this period only. 

(5.) Meohamcal stimulation .—The importance of obtaining evidence of physiological 
effects by different methods, as a control to the definite results obtained with 
electrical excitation, led us to employ mechanical stimulation wherever practi¬ 
cable. The simplest form of mechanical stimulus, and the most effectual, is un¬ 
doubtedly that obtained by the complete and sudden severance of a tract of fibres. 
This we accomplished, when the position of the parts allowed of it, by the use of sharp 
scissors, thus severmg, for instance, the sciatic nerve, and observing the electrical 
change which the division evoked m the spinal cord, and vice versd. As, however, m 
some cases the metal blades of the instrument coming into contact with the moist 
tissue caused localised electrical changes, derivations from which affected the 
galvanometer and electrometer, we substituted the stimulus occasioned by the sudden 
tightening of a ligature, and also that caused by crimping the tissue, nerve, or cord, 
by squeezing it suddenly (sometimes so as to divide it) between the jaws of a pair of 
specially constructed ivory scissors 


The method of stimulus being used only as a control, the disadvantage of few 
repetitions being possible was not a serious one. 

(c.) Chemical Excitation ,—In addition to the previous methods of excitation, we 


have made use of strychnia, in intraperitoneal injections, in order to obtain pronounced 
feflex discharges &fcfih ffifc spinal 'coid. 

j r- ^ $ 

Eurther, we Have frequently employed, with notable advantage, the method of 
the brain first investigated By Magnaf, viz., the production of nerve 

S i&lyfifom central apparatuses by the toxic influence Of ceMaih Shbstances, 
Essence of absinthe 
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Just as the mechanical stimulus affords, perhaps, the best control of the electrical 
stimulation of fibres, so the chemical, since it excites centres powerfully, affords a 
means of producing electucal changes m the efferent fibres from such centres which 
cannot possibly be due to actual escape of the exciting current. 

For the performance of this method we have prepared the cord or nerve for 
connection with the non-polarisable electrodes as described previously, and then 
exposed for a short distance the external jugular vein, applying a small clip to the 
latter. 

Two minims of the essence of absinthe were then injected with a hypodermic 
syringe inserted through the vein wall mto the freely flowing blood stream 

The animal was then carefully observed and the first twitching indicating the 
commencement of a cortical discharge noted It coincided in time with the beginning 
of large electrical effects as evidenced m the galvanometer. For further facts relating 
to this method we would direct attention to the Chapter dealing specially with the 
results thus obtained, vide p 511 

3 Extra Apparatus 

The apparatus used for investigating the muscular changes evoked by excitation of 
the central nervous system was either adapted for a direct record of the character of 
the muscular contraction or for ascertaining the moment of its commencement. 

When necessary the muscular contractions, whether evoked by cortical or spinal 
excitation, were recorded by means of a spring lever, made on the pattern of that 
employed by Fick for obtaining isometric muscular effects The muscle was attached 
so that any changes in its tension were communicated to the spring, the small move¬ 
ments of which were magnified fifty times by a lever attached to its end. The lever 
recorded its movements on the blackened paper of an ordinary drum driven regularly 
by a clock 

When it was desired to ascertam the moment of the commencement of the 
muscular contraction, however evoked, the method employed by Tigerstedt was used 
The Mammalian muscle was attached to the light “ unterlrecher,” which earned a 
weight of 10 grm. placed upon its axle, to ensure a steady pull upon the large muscle 
and a proper tension of its attachment The unterlrecher , as in Tigerstedt’s method 

formed a key in a separate circuit, which included a battery of three Grove's cells and 
one of Smith’s* new electromagnetic signals. The break of the key and the consequent 
movement of the signal was recorded upon the glass plate of a sprmg myograph 
(du Bois-Reymond’s Federmyographion) which travelled at a rate of 2 centims in 
second. 


* ‘ Philosophical Magazine,’ 1889. 
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Section 4 —The General Procedure and the Precautions used by the 

Authors 

A The Method of Experiment 

In any individual experiment m which excitatory electrical changes were observed 
the procedure we adopted was as follows — 

The animal having been anaesthetised and immobilised, the structure to be 
mvestigated was exposed and prepared m the manner indicated It was always, 
whether spinal cord or nerve, divided, and the soft cables of the non-polarisable 
electrodes were then tied, one round the structure close to the point of division, the 
other about 1 centim away round the surface. The hgature upon the cut end 
enabled this portion of the tissue to be suspended with its cables m air, without 
dragging on the remaining portion of the tissue which remained m situ The cables 
were then connected with the non-polarisable electrodes. (See Plate 29.) 

The electrical difference between the two contacts was first observed and balanced 
by the introduction by means of the compensator of a suitable difference opposite in 
sign to the tissue difference. The general characters of the latter and the amount of 
the balancing difference were then noted, both the galvanometer and electrometer 
being used for this purpose. 

One of us devoted himself to the observation and record of the electrical changes, 
the other to the maintenance of the animal in a uniform condition of anaesthesia, to 
the prevention of the drying, &c., of the investigated tissues, to the observation of 
the muscular contractions, and to the excitation 

The tissue to be excited, which had been exposed with that under investigation, 
was then finally prepared, and the points of the electrodes were brought into contact 
with it under all the precautions to be immediately described 

The electrodes were kept short circuited as already stated by means of a key under 
the control of the observer at the galvanometer, &c. When everything appeared 
favourable and the galvanometer needle had been brought to its zero position by 
suitable compensation the revolving exciting key was set going and the control key 
opened for one revolution of the revolver, an excitation of definite duration and 
intensity was thus applied to the excited tract, whether cortex, corona radiata, spinal 
cord* or nerve. The extent of any deflection of the galvanometer needle or the move¬ 
ment of the meniscus q£ the mercurial column was noted, and special attention paid 
toifs character. The extent recorded was always that between the previous rest ing 
position and the point where the, moving recorder, whether spot of light or image of 
meniscus, stopped and commenced its return. If no return occurred but only a 
donation produced which continued to creep on then the observation was disregarded 
Yf^hless. Such an effect was found to be generally associated with some move- 
me^c^thfApnnal which caused a slight displacement of the electrode contact. 
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Whilst one observer noted the electrical effect, the other noted the extent and 
character of any muscular movements by which the animal responded to the stimulus 
It need scarcely be said that the whole method involves the use of special pre¬ 
cautions to avoid the introduction of fallacious and misleading effects, especially 
when lb is desired to obtain a succession of results which will admit of quantitative 
comparison 

These precautions are, in the opinion of the authors, of the utmost importance and 
must be considered m some detail 

B. Precautions in Connection with the Method. 

The special precautions may be grouped as follows — 

(1.) Those connected with the isolation of the particular region under observation 
(2 ) Those connected with the condition of the non-polansable electrodes 
(3 ) Those connected with the condition of the animal. 

(4.) Those connected with the localisation, &c., of the excitation 

* 

(1 ) The Isolation of the Particular Region Observed. 

It is, m our opinion, an essential condition for the accurate employment of any 
method of localisation which relies upon the evidence of electrical changes m a given 
region, that the region m question should be as far as possible isolabed. In the 
galvanometnc experiments alluded to in the History (p 279), as carried out upon the 
cerebral hemispheres, such isolation was not affected; a door was thus left open for 
introduction of errors which it is not easy to control. 

We have repeatedly had occasion to observe that when a pair of non-polansable 
electrodes is placed upon the cord lying m situ , or upon the surface of the exposed 
brain (see fig 26, Chapter XI) electrical differences present themselves and influence 
the galvanometer, this bemg evidently due to the fact that the parts with which the 
contacts are made, since they form one directly continuous mass with the structures 
around them, he in the path of the derivations of currents, whose primary electro¬ 
motive source is far removed from the electrodes 

In-this connection we may refer to the derivations of the electrical difference 
between the different regions of the beating* heart which are present in the body 
On connectmg two points on the surface of the exposed brain by means of non- 
polarisable electrodes with the galvanometer, any reflex movement of the scalp muscles 
lying outside the exposed region was found to evoke electrical changes in the points 
of contact, and if structures so far removed from the seat of observation can affect the 
contacts, how much more easily will these be affected by sources of electromotive differ¬ 
ences situated in the deeper fibres, &c., of the brain. The fact that electrical 


* Waller, ‘ Phil. Trans/ 
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changes manifest themselves between tv o surface contacts is thus by itself no proof 
that these electrical changes have their source m the tissue m the immediate neigh¬ 
bourhood of the contacts It is, however, easy to ascertain whether the opposite con¬ 
clusion is or is nob true, by slicing off the two portions of the surface to which the 
electrodes have been attached, destroying their vitality, and replacing them m contact 
with the subjacent tissues, so as to act as mere moist conductors If under these cir¬ 
cumstances electrical changes are observed m the electrode areas, then it is clear that 
since all structural and physiological continuity is destroyed, these changes must be 
due either to (l) physical properties of the observed region, which are in no way asso¬ 
ciated with physiological vital changes ; or (2) to the physical spread of derived 
currents from electrical changes of physiological origin in the deeper uninjured tissues 

The further distinction between these two alternative causes is effected by observing 
to what extent the electrical changes disappear in consequence of systemic death, 
smce this obviously will affect the second class but not the first 

It is, in our opmion, essential m all exact experimental investigations carried out 
upon a particular region of such a mass of conducting material, as the body of an 
animal constitutes, to use a method which can by strict investigation carried out along 
the above lines be shown to exclude such discrepancies 

It may be pointed out that whilst we have selected the brain mass as a typical 
instance, the same objections apply with equal or greater force to the investigations of 
the spinal cord in situ When it is remembered that the exposed cord lying in its 
cavity is brought into immediate connection with a large mass of muscles, some unin¬ 
jured, some cut for operative purposes, and with the whole contents of the abdominal 
and thoracic cavities, it is not to be wondered at that the shghtest movement of the 
animal should cause very large electrical changes between any two portions of the 
surface of the exposed cord, these being simply due to an alteration m the position of 
muscles or other structures, all of which are the seat of electromotive change Such 
alterations must seriously influence the particular effect which may manifest itself 
when any two portions of the exposed cord are connected with the galvanometer 
The force of these considerations is strengthened when it is borne m mind that 
the particular effects which the electrical method is to gauge, are excitatory m 
character. Of what value would any excitatory effect be, if, when it is evoked, 
there are, as is almost always the case, not only marked excitatory electrical changes 
in other organs, muscles, &c, but general movements and displacement of subjacent 
parts as the result of the excitation ? 

Enough has now been said to point out the necessity for the utmost possible isola¬ 
tion of the observed region, if it is desired to ascertain by the electrical method the 
presence of electrical changes dupTo electromotive differences occurring in that region 
«only, and which may he therefore interpreted as indicating the presence therein of 
e^tatory conditions. 

33^^ftopt complete method of Eolation is Qhyioi^lv the removal of -the structure 
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under observation from all contact with other tissues. This is not possible m the 
case of the Mammalian central nervous system, it is, however, quite feasible m the 
case of the spinal cord to ensure an isolation which we find to be sufficient. This, as 
has been detailed m the section dealmg with the operative procedure, as regards its 
essential feature consisted m always dividing the cord, freeing it for several centims 
from all its attachments, ligaturing the divided end, and suspending this portion m 
air by means of the ligature (see Plate 29) The cord is thus only in connection with 
the structures by its deep end, and any spread of electrical currents, &c., which have 
their source m extraneous regions, can only occur in this portion of cord as “ extrapolar 
effects ”, further, the electrodes being placed one upon the extreme end (cross section), 
the other only half to one centim on the proximal side of this, such extrapolar deri¬ 
vation effects, if present, must be still more diminished by the distance, 3 centims, 
between the electrode contacts and the deep connections of the cord 

The necessity of the above careful isolation has been impressed upon us by the ease 
with which it is possible to introduce errors even where this mode of connection is 
carried out. If, for instance, either the proximal contact be allowed to slip down and 
to approach too closely (within 1 centim or less) to the deep structure, or if the 
latter, by the presence of large quantities of liquid, &c, be brought into connection 
with a portion of the isolated tract close to the proximal electrode, then, even with the 
remaining electrode contact well isolated, electrical effects manifest themselves between 
the contacts, which we have no doubt are really due to extrapolar spread from 
changes m the deeper tissues Thus, for instance, the anterior roots, even when 
divided and one end isolated, present great difficulties, owing to the shortness of the 
tract intervening between the contacts upon them and the cord from which they spring. 
Electrical excitatory effects can be obtamed on exciting the bram, which are apparently 
situated m the anterior roots, but which are in this arrangement largely due to 
electrical changes, situated m the cord, and occur as extrapolar derivations m the 
anterior root. This is readily proved by using the method of control previously 
referred to, viz , cutting off the attachment of the root to the cord and then replacing 
it m its old position, when, m spite of the want of stiuctural and physiological con¬ 
tinuity, the changes are still found to occur. 

We cannot lay too much stress on the necessity of careful isolation as far as prac¬ 
ticable, and of careful investigation by both the methods indicated, and other similar 
ones, of the extent to which observed electrical effects are due to mere physical 
spread through the moist tissues of changes m other regions than the observed ones. 

It will be understood, therefore, that m the following experiments, when the cord 
or sciatic nerve was observed, the length of the tissue afforded every facility for 
placing the electrode connections at a safe distance from the point where each of these 
structures came into relation with the general mass of the body, and m consequence 
a position could be chosen in which all danger of extrapolar spread might with 
ordinary care be guarded against. When, however, the roots were observed, since 
mdcccxci —b 2 Q 
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the distance m question was necessarily short, the dangers of extra polar spread weie 
increased, and the experimental results had to be controlled with great care; this 
danger was most formidable in the case of the anterior root, as owing to its anatomical 
relations it could not be so conveniently sepaiated from its contiguity with the mass 
of the cord, and the eirors thus introduced have been at present sufficiently serious 
for us to abandon these roots for direct connection with the galvanometer, and lely on 
those experiments performed upon the sciatic neive with a,11 the postenoi roots cut 

(2 ) The Condition of the Non-polar isable Electrodes 

It is scarcely necessary to observe that one obvious precaution m connection with 
the electrodes is to ascertain, before commencing the experiment, that between the 
electrodes themselves there is only an extremely slight and constant electrical differ¬ 
ence, and noting its amount m terms of the compensator 

There is one difficulty, however, which appears to be inseparable from a method 
which involves a long bridge of kaolin moistened with 0 6 per cent of saline, exposed 
to the air of the room, and that is the alteration of resistance due to slow evapoiation 
This alteration does not affect the results when observed by the electrometer, owing to 
the very high resistance offeied by the latter It may, however, senously affect the 
galvanometer results. It will be obviously mitigated by employing a circuit of very 
high resistance, and this we always took care to do, the full resistance of galvanometer 
and electrodes amounting to little short of 50,000 ohms 

It is, however, necessary to keep in mind the presence of such alterations, and 
to ascertain by repeated measurement of the galvanometrie effect produced by a given 
difference in the compensation circuit, whether the resistance has so altered as to 
vitiate the value of the results. Where experiments follow one another closely, as 
was the case in all the instances in which the different columns of the spinal coid 
were excited, any alteration would be obviously too slight to exercise an appreciable 
influence upon the results, which admit, therefore, as far as this feature is concerned, of 
strict quantitative comparison 

It is obvious that remoistenmg of the electrodes must only be effected at the 
commencement of a fresh series of observations, and must on no account take place 
during any given series 

(3.) The Condition of the Animal . 

(<&.) General Preliminary Condition —In all the experiments this was a very 
important factor, which we early recognised as determining the success or failure 
of the particular observations. If the animal were ill, or had been much exhausted 
>y the preliminary ansesthetisation, &c., it was noted that the electrical changes, 
whether due to currents of rest or of action, in both nerve and spinal cord were 
, in amount. This was especially the case in the Monkey, 

degree of narcosis is an extremely important factor. It will 



ON THE MAMMALIAN NERYOUS SYSTEM 


299 


be seen m the chapters which deal with the different groups of results, how the effects 
obtained m slight anaesthesia differ from those obtamed with similar stimulation m 
profound narcosis. It was, therefore, extremely important to keep the condition 
of anaesthesia as far as possible even, and to note as a guide to that condition 
the presence or absence of muscular movements, when any part of the central nervous 
system was stimulated 

In one respect, the degree of etherisation was most useful, since it served as 
a valuable control against error due to simple electrical escape from the exciting 
into the galvanometnc circuit. It is evident, if on pushing the degree of narcosis 
the electrical changes m the observed tissue are very much diminished or even 
abolished, whilst the excitation by electrical current remains unaltered, that no 
physical conduction of derivation currents from the exciting into the galvanometnc 
circuit can be present 

(c ) Collapse —Since the experiments are often necessarily spread over a consider¬ 
able period of time, the gradual collapse of the animal is not infrequent Its onset is 
readily distinguished, and can be allowed for by diminishing the amount of ethensation 
(see p. 282), and by increasing the mtensity of the stimulus used 

(d ) Hyperexcitcibility .—In connection with this part of the subject must be noted 
the variations in excitabdity of parts due bo section 

As regards the cortex it has occasionally happened that it has been slightly punctured 
by an electrode point, &c. Whenever this happened the effect was to heighten the 
excitability of the immediate neighbourhood, and to produce theieby a very marked 
epileptogenous change A more extensive injury has the further effect of abrogating 
not only this increase of excitability, but the normal degree as well 

As is well known, the excitability of nerve fibres is raised by their section, and 
from a rapidly attained acme the excitability steadily diminishes, passing the normal 
point and becoming subnormal Francois Franck has shown the same to be true 
for the reflex centres m the spinal cord, when division of the latter has been carefully 
made high up and without notable haemorrhage. We have always borne this m 
mind, and have discounted the rise and fall of excitability due to the section m each 
observation 

(4 ) Localisation of the Excitation , dc. 

Many precautions had to be observed m carrying out the stimulation of the cortex, 
spinal cord, and nerves respectively, especially when the excitation of these structures 
was electrical 

A Cortex —As pieviously stated, it was, of course, found imperatively necessary 
to keep the surface of the cortex both warm and moist, this being especially achieved 
by replacing the skin and by irrigation with warm salme solution. To avoid short 
circuiting and consequent irregular intensity of the exciting stimulus, the surface of 
the brain was always carefully dried with soft sponge or amadou immediately before 

2 q 2 
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the application of the electrodes Fatigue of the cortex was avoided by suitable 
intervals of rest. 

The intensity and character of the stimulus is referred to under apparatus, p 291, 
but it may be heie stated that the electrodes weie fine platinum points 1 to 2 mm 
apart 

B. Corona Rackata —To expose the corona radiata it was necessary to raise the 
cortex by a horizontal incision, and then to check the bleedmg from the pial vessels 
with pieces of amadou around the cut border of the area exposed If after several 
excitations the exposuie had lowered the excitability of the fibres, the electrode points 
were sometimes inserted 1 mm deep into the substance of the corona, instead of, as 
usual, resting gently on the surface, The electrodes employed were the same as those 
for the cortex 

0 Spinal Corel —The excitation of the spinal cord, especially for purposes of 
differentiation of the columns naturally demanded special attention We obtained 
our initial generalisations by means of exciting needles fixed on either side of the 
cord or pressed against the longitudinal columns, vide pp 369, &c. 

This method we soon discarded (Section 6, Part Y,) for that now to be detailed, 
viz, the excitation of the cut sections of the columns of the cord, inasmuch as the 
differentiation of the bundles of fibres could thus be accomplished at the same time as 
other objects m view. The cord having been previously divided in the manner stated 
above, and the surface and surrounding tissues being carefully dried, the fine platinum 
electrodes, 1 mm. apart were used. It was our aim to provide foi the excitation of 
as many fibres in any column as possible in order that the largest galvanometric 
effect might be evoked, and at the same time to avoid extrapolar excitation of 
neighbouring columns. These particulars were fulfilled by applying the two electrode 
points, as indicated on the accompanying fig 2, ^.e., vertically on the anterior and 
posterior columns, and horizontally on the lateral column in the region of the crossed 
pyramidal tract. 


Fig 2 



Photograph of a transverse section of the fresh spinal cord (Oat) at the 7th dorsal nerve, slightly 
magnified. The remarkable differentiation of the posterior colnmns in this animal (Schiff) is 
well seen. 


That these measures were effectual in localising the stimulus was demonstrated by 
the fact that the placing of the electrodes on the neighbouring sections of the grey 
.evoked, no electrical changes, as evidenced in the galvanometer connected 
the issuing nerves or with another portion of the cord, so that the 
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positive electrical results following stimulation of a column, the posterior, for instance, 
were to be attributed entirely to the localised stimulation of the structures upon which 
the points of the electrodes rested 

A further point is the special difficulty of maintaining the electrodes properly m 
position, i e , m contact with the cord, inasmuch as the spinal muscles on their 
contraction shake the cord a little, although the spine be Used This, of course, 
applies only to the end excited Imperfect apposition of the electrodes was best 
avoided by holding them m the hand, the latter being suitably supported. As is 
descubed on p 292, the duration of excitation was provided foi by the revolving 
mercurial key, consequently, after the proper contacts had been made as above, each 
observation was comparable with another as regaids the degree of the excitation. 
The important bearing this has on the quantitative value of the galvanometnc readings 
is sufficiently obvious 

D Nerve —In electrical excitation of the nerve, we were chiefly anxious at first to 
avoid possibility of spread. Beginning with ordinary sheathed electiodes, into which 
the sciatic nerve was laid, we very soon laid these aside for the more accurate and 
simpler plan of applying platinum electrodes to the nerve raised m the air by a thiead. 

The mode of excitmg a nerve m relation to its cross and long diameter respectively, 
has for some time been the object of research (Hermann, Bernstein, and others) 
Gad,* m referring to the action of carbonic acid, and especially of alcohol, on the 
excitability and conductivity of nerve fibres, raises this question again, and 
strengthens the fact that transverse excitation is much more adequate (5-6 times) 
than stimulation applied longitudinally Apart from incidental polarisation it is clear 
that the larger number of fibres lying m the principal axis between the poles chiefly 
conditions the result 

To produce a maximal effect we have, therefore, always applied the platinum 
electrodes, so as to bend the nerve shghtly between the terminal pomts (See fig 3 ) 


Eig 3. 



Inasmuch as we always sought to obtain, with as weak an excitation as possible, a 
maximal effect for purposes of quantitative as well as qualitative comparison, it was 
especially necessary for us to excite, without fail, all the fibres m the nerve 

The usual method of simply placing the nerve on the electrodes, as, for instance, in 
using sheathed or hook patterns, only enables a few fibres to be excited—those 
immediately m contact, or nearly so, with the metal Thus, Bee von and Horsley t 

* ‘ Archiv fur Pbysiologie,’ (du Bois Reymond) 1889, p 350 
f ‘ Roy. Soc Proc 1888 
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have seen differentiation of a mixed, nerve on applying the electrodes to one or other 
side of the tru nk of the hypoglossal above the descendens nom branch 

We have, of course, found that gieat differences are produced according to variations 
in the condition of the Mammalian nerve under varying circumstances 

The nerve must not be dragged upon m any way and the electrodes must be in 
good moist contact with the baied fibres, the intervention of fat or fascia or dried 
epineurium bemg sufficient to dimmish or prevent the excitatoiy effect. 


CHAPTER IV—THE RESTING ELECTRICAL DIFFERENCE IN THE MAMMALIAN 

NERVE AND SPINAL CORD 

The experiments which form the subject of the succeeding sections furnished us 
with a large number of observations as to the amount and character of the persistent 
electromotive difference which exists in the Mammalian nerve and spinal cord 
between the cross section and surface 

The number alone of the experimental observations would be sufficient to warrant 
their introduction at this stage m a chapter devoted to them consideration only, but 
as m addition they-seem to furnish valuable side evidence as to the relations of the 
spinal cord both to the cerebrum and the issuing nerves, such an exclusive study 
becomes a matter of necessity 

It is well known that when by means of appropriate contacts the cross section is 
compared with the longitudinal surface of a living nerve, an electromotive difference 
is found to exist, of such a character that if examined galvanometrically the surface 
iB positive to the cross section The current associated with this difference was 
termed by its discoverer, dtj Bois-~Reymond, the nerve current (nervenstrom), and 
by others, Hermann, Seeing, the demarcation current, since it is presumed by them 
to have its seat in the zone of tissue which at once bounds and divides the region of 
living from that of injured and dead or dying nerve The use of either of these terms 
is, we consider, objectionable m the present instance, since our object is merely to 
state the actual fact without involving any cause thereof, we will therefore designate 
the persistent electrical difference just referred to the resting difference. 

The difference was in all cases estimated m the following manner. By means of 
the long compensator, described in the preceding chapter on apparatus, a known 
difference of electrical potential was introduced into one part of the electrode circuit 
of a sign opposed to that present at the electrode contacts, and the former was then 
adjusted until the galvanometer showed no current to be present m the circuit, the 
original difference between the two electrode contacts is thus given m terms of 
decimal fractions of the constant external source of difference of potential As 
ideated, this source was the Callaud cell, the E.M.B. of which was itself 
’hty a similar balancing method in terms of a carefully prepared Daniell cell. 
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The special structures investigated fall into three classes— 

A Sciatic nerve 
B Postenor root 
C Anterior loot. 

D Spinal cord 

A Sciatic Nerve 
1 Amount of Difference 

The resting difference between the cross section and the longitudinal surface of the 
Mammalian nerve was estimated by dtj Bois-Reymond as 026 D m the case of the 
Rabbit * * * § a much less marked difference, 005 D , was observed by Israel! m the 
sciatic of the same animal The amount of the difference m the sciatic nerve was 
observed m various Mammals by FredericqJ. who obtained the following results — 


Cat 

017 to 

018 Daniell 

Dog 

018 „ 

024 „ 

Rabbit 

'015 „ 

028 „ 

Duck 

024 „ 

026 „ 

Horse 

004 „ 

O 

O 

Si 


Our own results were obtained with the Cat and Monkey In all cases the sciatic 
nerve of the anaesthetised animal was exposed m the popliteal space, ligatured, and 
divided below the ligature. 

The results obtained with 69 sciatic nerves in the Cat are given m Appendix B, I, 
these are separated into those m which the cord, and thus the nerve, was connected with 
the biam, and those m which the cord was divided The average result of both sets is 
the same, being *0094 Daniell m both The influence of complete section of the nerve 
at the sciatic notch was also observed m some cases, and was found not to affect the 
amount of the difference for the first minute or two The highest difference ever 
observed was Cat (70)§ and Cat (75), when it amounted to *018 Daniell, the lowest 
was 004. Whilst then the average amount is much lower than that which previous 
observers above referred to obtamed m the Rabbit, the maximum corresponds to that 
noted by Frederioq in the Cat. 

The results obtamed m the case of the Monkey are shown in Appendix B, I Twelve 

* * Gesamxaelte Abhandlvol 2, p. 250 

t Israel, ‘ Archiv f Anat u Physiol,’ 1877 (‘ Physiol Abfch ,’) p 451 

f Fredericq, ‘ Archiv f Anat n Physiol1880 (‘ Physiol Ahth ,’) p 65 

§ In all cases where a number m brackets follows the mention of an animal, eg , Cat (70), it refers 
to the page in our note ledger The number of observations is so large that, for purposes of control and 
Correction,*we have been compelled to thus check the record. 
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nerves were examined and the average difference amounted to only 005 Daniell, 
whilst the highest difference observed was *007, and the lowest 003 This diminu¬ 
tion m the case of the Monkey cannot be attributed to the smaller size of the sciatic 
nerve m the common Macaque Monkey, which is generally experimented upon, since m 
two cases large Rhoesus Monkeys with big nerves were used, and m these (333), (368) 
the highest difference is 007, and the average 0055 (Compare the proportions of the 
nerves as shown m Plates 30-35 ) 

Moreover, as the previous results obtained by Fredericq show, the amount of the 
difference does not vary directly with the size of the nerve when different classes of 
animals are used, of which the high difference m the Rabbit and the low difference m 
the Horse is a notable illustration. 

It will be seen that the spinal cord resting difference m the Cat and Monkey 
exhibits the same contrast as that of the sciatic nerves. 

It has been stated that the resting difference in the nerve is not perceptibly affected 
by division of the spinal cord, when the division is carried out at the time of the 
observation. It appears, however, that section of the cord one to two months prior to 
the experiment does affect the amount of the difference. This influence, though small, 
seems to be sufficient to enable the observer to judge, when the cord lesion has been 
unilateral, upon which side it is situated. 

Thus in an animal, Cat (227), m which the left lumbar posterior roots had been 
divided, the left nerve difference was 007, that of the right *009. In another animal, 
Cat (223), m which the right posterior column had been divided, the right nerve 
difference amounted to 005, the left 008, and m an ammal (259) upon which a 
hemisection on the left side had been effected, the left nerve difference was *007, the 
right *008. 

In one case after section of both posterior columns (Cat) the difference m each nerve 
was ’012, an amount which is somewhat in excess of the average. 

2. Alterations m the Resting Difference. 

The alterations in the difference occurring whilst the nerve was under observation 
may be divided into .— 

(a.) Those due to physical changes, affecting the contacts and derivation currents, 
and due to loss of moisture from evaporation, change of temperature, &e. 

{&) Those only to be accounted for as connected with slow physiological changes in 
the tissue, the chief agent in such alteration being loss of vitality, due to arrest of 
the circulation, anti to other causes. 

(o.) Those directly connected with the production in the tissue of excitatory 
physiological processes. 

#3- now examine these separately in detail. 

' 't^W^sieal Ghanges —-With regard to the effect of physical changes,, such as 
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temperature, drying 1 , &c, these influence the electrical resistance of the tissue sur¬ 
rounding by altering the moisture with which it is infiltrated. The result is to cause 
an alteration in the balance previously existing between the currents due to the tissue 
and the compensator source. The character of this will be made evident by citing a 
case. 

The sciatic nerve, prepared as above, and hanging free m air, was connected by its 
cross section and suiface with the galvanometei electrodes, the resting difference 
between the contacts was compensated at first by a difference of *01 D. The nerve 
was then moistened between the contacts, this necessitating a reduction of the 
compensation to 0085 D This alteration is obviously due to the fact that the 
increased moisture has decieased the resistance m the surface of the nerve, and 
thereby increased the intensity of all currents which aie present m that region 
These currents are, first, a portion of the balancing cuilent, and secondly, the derivation 
currents between the surface and cross section of the nerve. Whilst these two are 
equally affected between the points of contact of the electrodes, the result as regaids 
the galvanometer circuit is very different This will be rendered clear if we remember 
that the tissue difference is usually that obtained by connecting two surface points of 
a series of closed circuits, through which currents flow, and that the resistance of the 
circuits varies inversely with the amount of tissue moistuie, so that the amount of 
spread, and thus the particular derivation on the surface, is diminished by the 
increased moisture The final result is that, as regards the galvanometer circuit, there 
is now a current in the direction opposed to that due to the tissue difference, this 
being due to the over compensation, and rendered more distinct by the lessened 
resistance m the whole galvanometric circuit which the moistening mvolves. 

The effect of drying must be the reverse of that indicated It became noticeable 
m our prolonged experiments upon the Mammalian nerve and spinal cord, smce it was 
essential for our purpose to perform the experiments m a room at about 70° F As 
far as possible the errois due to this were obviated by the use of steaming sponges 
placed under the structures, but a slow steady rise m the amount of the difference 
during the first 5 or 10 minutes after the electrodes have been applied, and 
maintained unaltered, is usually seen in the cord, vide infra, and although not a very 
noticeable feature in nerve, may, when present, be partly attributed to this cause 

As just indicated the temperature was kept tolerably constant, but, as Hermann 
and others have shown, the gradual rise in the temperature of the experimental room, 
may cause a similar slow increase in the amount of the difference This alteration 
is, however, strictly of physiological origin, being related to a change in the molecular 
condition which lies at the foundation of the difference. 

This brings us at once to the alterations which may be more especially ascribed to 
physiological changes 

(5.) Slow Physiological Changes not Obviously Excitatory .—The alterations of this 
kind m the resting difference due to physiological changes are in the case of nerve 
mdcccxci.—b. 2 R 



806 


MESSRS E GOTOH AND V HORSLEY 


usually a fall m the amount Sometimes it has happened that a rapid use for the 
first few minutes has been observed which did not admit of explanation as being 
caused by either of the two agents just indicated , and the presence of such a rise 
to a very marked degree m the case of the spinal cord as well as its presence in the 
isolated nerves and muscles of the Frog, renders it probable that m the Mammalian 
nerve, when present, its origin is physiological 

The fall is undoubtedly connected with loss of vitality, and may vary between the 
slow diminution which follows arrest of the circulation, and the rapid fall produced by 
injury of the nerve in immediate proximity to the surface contact 

The alterations which especially call for remark here are those which are entailed by 
the death of the animal on the one hand, and by the severance of the nerve from the 
spinal cord on the other. The first is probably due to several factors whilst the 
second is due both to arrest of the local circulation and the destruction of the con¬ 
tinuity of the nerve fibres with then* trophic centres ul the cord 

In the case of the sciatic nerve, the alteration seemed to us to be the same m 
extent whichever event occurred, that is to say, the resting difference for the first 
30 minutes slowly diminished in amount at the average rate of x Q q 0Q Daniell per 
minute, this rate of diminution becoming less afterwards 

It is, however, questionable to what extent in the suspended and isolated nerve, the 
physiological conditions which are dependent upon continuity with the cord are 
maintained by any facilities which the preservation of vessels affords for keeping up a 
circulation m the nerve, since this must be, undoubtedly, greatly impaired by the 
exposure. The conditions of vitality would rather seem to be linked with the 
maintenance of physiological connection with other nerve structures, around which 
an active circulation is still being carried on, and which, therefore, retain their normal 
vital characteristics That this is probable is shown by the fact that when, as some¬ 
times occurs, the nerve difference, owing to rapid drying, shows a steady rise m 
amount, which rise continues even when no evidence of circulation in the exposed 
nerve is obvious, the rise is immediately counterbalanced and converted into a fall on 
systemic death of the animal, this fall occurring pm i passu with the loss of excita¬ 
bility in the central nerve structures. 

(c.) Physiological Changes Connected with Excitation —The alterations due to 
excitation were after effects, that is, they followed the development of the transient 
excitatory change and consisted m a permanent slight diminution in the previously 
existing difference, such,as has been observed to follow nerve excitation m the case of 
the Frog. 

The slow after effect can he readily distinguished from the transient rapid electrical 
changes due to the actual presence* of excitatory processes evoked by the application 
of the stimulus, since these are synchronous with the excitation, whereas the affcer- 
variable in its duration, but always follows cessation of the stimulus, and 
seconds. 
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We have noticed that it is moie pronounced when the etherisation has become 
slight m degree 

In addition to the after-effect due to excitation there are seen under certain cucum- 
stances, particularly that of inadequate etherisation, changes m the nerve difference, 
which in the galvanometer indicate their presence by the needle now slowly rising 
30 to 50 scale, and now falling These disappear when the ansesthesia is rendered 
more profound, and are much more marked m the case of the spinal cord, they are 
probably due to the occasional discharge of groups of minimal nerve impulses, and aie 
analogous to those first observed m the medulla of the Frog by Setschenow. 

B. Posterior Root 
1 Amount of Difference 

We have made six experiments upon the posterior root. In these a lumbar posterior 
root was exposed, ligatured, and divided as close to the ganglion as possible, without 
involving this structure, and the root thus left connected with the coid was suspended 
m air by the attached thread The particular root chosen m five cases was the 7th of 
the lumbar series, since this is the largest m the Cat of the roots forming the lumbar 
plexus (see Plate 35) The galvanometer electiodes were attached, as m the nerve, by 
means of thread cables moistened with 6 per cent Nad, to the cross section and the 
longitudinal surface, and the amount of the resting difference determined by the 
balancing method. 

The result m the five animals was found to be 026, 02, 02, 018, and '016 Daniell 
respectively. 

Hence although the 7th lumbar root is less than half the size of the sciatic nerve, 
the average amount of the resting difference, 02, is about twice as large. (The 6th 
lumbar root was observed once, the difference being 012 ) This remarkable circum¬ 
stance is very significant when the proximity of the stiucture to the spinal cord is 
taken mto consideration, and deserves a more extended investigation It may be 
pointed out that Schiee observed that there was a resting difference between contacts 
when placed upon a more central and a more distal portion of a continuous nerve, the 
central contact being positive to the other, also that excitation of any portion of the 
tract caused an excitatory change, m which the tissue under the first contact became 
galvanometrically negative to that under the second more remote one 

Purther, both Grunhagen and Bernstein have noticed that the central portions 
of the nerve are more excitable than the distal portions Now whether the persistent 
difference be fundamentally the same m kind as the transient excitatory electrical 
change or not, there is an undoubted quantitative relationship subsisting between 
the two. It is, therefore, not surprising that there should be found an increase 
in the amount of the resting difference obtainable in the posterior roots as compared 
with the sciatic nerve. 


2 R 2 
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2 Alterations m Resting Difference 

(a) Physical Changes —The alterations due to drying probably have the same 
influence as that already alluded to m the case of the sciatic nerve The amount of 
the difference noticed immediately after section generally increases slowly and steadily, 
and, at least partially, from this cause There is, however, a noticeable check in the 
rise after the first five minutes, after which the difference then only m some cases 
begins to fall Hence either the rise is accentuated at first by some other agency, or 
it is counterbalanced by the depressant effects due to loss of vitality 

(b.) Physiological Changes —The amount of the difference m the root diminishes 
with greater rapidity than in the case of the nerve trunk, m consequence of systemic 
death A similar fall occurs if the root is severed from its central connection. This 
is illustrated by the following series of experimental observations made before and 
after the death of the a nim al 

Left 7th Lumbar Posterior Hoot * (Cat, 362 .) 

Root Divided near Ganglion and Central End Connected with Electrodes 


r ... 

i 

Tune of 

Amount of 


obseivation 

difference 

i 

1142 

019 

Excitation experiments carried out . 

fll 45 

02 

4 11 51 

j 0195 

Systemic death 

111 55 

019 

12.0 


12 3 

0185 


1212 

*018 


Root cut off from Cord. 


Time of observation 

Amount of difference 

12.13 

0175 

12 14 

017 

1215 

016 

1216 

0155 

12.18 

015 


In another animal after systemic death had caused a decline in the amount of 
tcCseverance of the root caused fio further appreciable declinb 


* See Plate 35 
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The root, therefore, m this respect behaves, as far as these two experiments enable 
us to judge, like the nerve 

( o .) Changes following Excitation —In consequence of either dnect excitation of 
the root or its mdnect excitation through the cord, the amount of the diffeience is 
decreased, an after-effect following the passing away of the true excitatory change 
similar m character to that seen m the nerve 

The rising and falling m the amount of the difference when the anaesthesia of the 
animal is not sufficiently profound is rather more marked m the case of the postenor 
root than m that of the mixed nerve. 

C Anterior Boot 

With regaid to the anterior roots, we have only performed one experiment There 
are considerable difficulties m the way of connecting the anterior root satisfactorily 
with the electrodes, so as to exclude all possibility of obtaining results which are 
derived from electrical changes m the cord These difficulties are mainly the shortness 
of the root and the characteis of its anatomical lelations with the cord, it being 
difficult to obtain a sufficient length Moreover, our purpose being rather to obtain 
the evidence of excitatory than of resting electrical changes, the shortness of the root, 
when combined with the movements of the animal, caused serious errors m observa¬ 
tion, due to the displacement of the electrodes and their being thus brought near to or 
in contact with surrounding structures. In the smgle case in which the 6th left 
lumbar anterior root was divided and its central end connected with the galvanometer 
electrodes, the difference (Cat) was found to be only 0045 Darnell, whereas the 6th 
lumbar posterior root of the same side, when examined, showed a difference of 
01 ‘2 Darnell 

D Spinal Cord 

The fact that the cord exhibits, hke the nerve, both a persistent difference between 
its longitudinal surface and its cross section and a true excitatory effect, was dis¬ 
covered by DU Bois-Beymond, and has been since confirmed by other observers, notably 
Setschenow. The general features of the same were described by us in our piekmmaiy 
communication made to the Boyal Society, but a systematic analysis of a number of 
observations has never, that we are aware, been made, nor has the amount of the 
persistent difference been determmed In the course of our investigations we have 
noted the amount and characteristics of the resting difference m the spinal cords of 
sixty-three Cats and fourteen Monkeys, and the results arranged m groups are given 
m Appendix B 

The most striking characteristics of the resting difference in the cord and the 
contrast between this difference and that of the nerve may be roughly seen after the 
death of the animal (Cat, Babbit, &e ) By rapidly exposing a length of cord and of 



310 


MESSRS. F G-OTCH AND V HORSLEY 


the sciatic nerve, removing the exposed portion of each, placing it on a glass plate 
and bringing one electrode in connection with the cross section, the other with the 
longitudinal surface of the prepaiations It will he found that m the Cat the nerve 
diff erence amounts to little over 01 Darnell, whereas the cord difference amounts to ’025 
to ‘03 Darnell or more That this contrast is not merely a question of cross sectional 
area is shown hy experimenting with the dorsal cord of a small (young) animal and 
with the large nerve of a full grown adult animal of the same species, when the same 
relations will he found to still hold good, viz., the cord difference twice to three tunes 
the amount of that of the nerve 

For purposes of experimental investigation however, the spinal cord was exposed m 
the lower dorsal or lumbar region under all the precautions mentioned m the 
paragraph upon operative procedure, it was then divided and freed as required on 
either the central or peripheral side of the division for 4 or 5 centims. fiom all its 
attachments, the severed end was ligatured and this portion of coid raised from the 
canal and suspended in air by a ligature, still retaming its continuity with the 
exposed cord at its deep attachment The raised portion was m some cases that op. 
the central side of the section, in which case the continuity with the brain was pre¬ 
served, in others that on the peripheral side, in which case the connection with the 
sciatic nerves was preserved. 


1 —Amount of Difference 

(a ) Whole Cord —If an average of the various results obtained m the case of fifty 
Cats is taken, the exposed cord being normal and always m connection by its deep 
attachment with a portion of cord in situ , but without distinction of the nature of this 
attachment, it will be found that the average resting difference m the Cat is *032 
Daniell, the highest difference being 046 Darnell, the lowest 014 Darnell 

A similar average of the results m nine Monkeys gives a resting difference of *022 
Daniell, the highest difference observed being ‘029, the lowest 013 

It is thus evident that the relationship between the amounts of the restmg 
difference obtainable in the Cat and Monkey holds good for both the sciatic nerve 
and the cord, the amount in the Cat being very appreciably larger than that in the 
Monkey, The notable increase m the size of the resting current m the cord as 
compared with the nerve of the same species will be rendered evident if we place side 
hy side the average results of the two. Thus .— 

Cat cord 032 _ 3 3 

Gat nerve *0095 1 

Mqnkey cord _'022 __ 4‘4 

v s Monkey nerve ~ 005 ~ 1~ ‘ 

increase in the proportion of about 4 to 1 is not merely due to increased 
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size has been roughly indicated previously, this will, however, he more clearly 
exhibited by the consideration of the ratio which a similar comparison between the 
difference m the cord and m the posterior root of the Oat shows — 

Average Cat cord _ 032 H5 

Average Cat posterior root '022 1 


It is probable therefore that the larger difference is m some way correlated with 
the structure of the cord and the trophic and other physiological influences which 
that structure implies 

This explanation is supported by an analysis of the results obtained m the two 
species of animals when the cord is placed under different conditions as regards its 
central connections. Such analysis involves the grouping together on the one hand of 
all those determinations m which the cord was still m connection with the cerebium and 
its central end investigated, and on the other hand of all those in which the portion 
of cord examined was that of the lower fragment unconnected with the cerebrum 
The first group shown m Appendix B, III, gives the aveiage result in the case of 
the lower dorsal cord of fourteen Cats, this average being 034 Darnell, the highest 

amount observed being '046, the lowest 025 

It also gives the average result m the case of five Monkeys, this being 025 Daniell; 

the highest reading being 029, the lowest ’018 

If now, we turn to the second group, the average m the Cat of all the readings in 
the dorsal and lumbar regions respectively when the Caffs cord is severed from the 
brain, amounts to — 

Dorsal region, 24 cases, average 029 
Lumbar ,, 10 ,, „ 033 


34 cases 

Gross average =03 Daniell 
Highest = '043 ; lowest = '014 


In the Monkey a similar average of four sets of experiments gives *019 Daniell, 
highest 027, lowest 013 

A comparison of the two groups of results may now be made as follows — 


Cat— 

Cord connected with brain 
Cord severed from brain 
Monkey— 

Cord connected with brain 
Cord severed from brain . 


'034 

*03 

025 

•019 
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The comparison shows that the amount of the resting difference m the anaesthetised 
animal is large]’ when the cerebral connections are intact 

This conclusion is supported by direct experimentation upon the influence of 
severance Thus m an anaesthetised animal (Cat) the cord was exposed and divided 
at the level of the 4th lumbar vertebra and the central end ligatured It was then 
suspended m the usual way and the electrodes attached to the cross section and the 
longitudinal surface The resting difference amounted to 044 Darnell, whereas, when 
the cord was severed higher up at the 7th dorsal vertebra, a notable fall to 037 
Darnell occurred 

In anothei experiment (Cat, 315) the cord was divided at the 13th dorsal vertebra 
and similarly prepaied Its central end was then connected with the galvanometer 
electrodes as above The amount of the difference between the surface on the central 
side of the cross section and the cross section itself amounted to 04 Darnell A 
hemisection of the cord at the 8th dorsal vertebra was now made and the difference fell 
rapidly to *38 Daniell, the rapid fall then ceased, but a slow fall continued for some 
time 

These experiments suggest that severance m an anaesthetised animal of the cord 
from the brain causes a direct diminution in the amount of the resting difference 
below the point of severance, whether by the interference with the circulation which 
such severance may imply, or by this aided by the interruption m the path which 
joins at any rate some of the (pyramidal) fibres with the cells with which they are m 
direct connection and which govern their nutrition As will be seen later there is no 
evidence of a similar diminution being produced when the cross sections are made 
upon a portion of cord already severed from the brain by an interruption higher up. 
Hence the inference that the fall is correlated with the interruption (m the pyramidal 
fibres ? ) is strengthened. 

Finally the region of cord investigated has some relation witli the amount of the 
resting difference This is shown in Appendix B, III, m which observations made in 
the dorsal region are separated from those m the lumbar region 
The average of the dorsal region = 029 ; highest *043, lowest 014 
The average of the lumbar region = 033, highest 04, lowest 028 
Although the average seems to show that the difference m the dorsal cord is 
less than that in the lumbar, yet an examination of the highest and lowest limits 
suggests that the preponderance, m the latter case, is due to the fact that m the 
dorsal cord several veTy low readings were obtained. (See Table (2); Appendix B, 
III, Cats 194, 289, 349 ) 

We have endeavoured to get some notion of the relations of the different regions by 
exposing in an ansesthefised animal (Cat 3 6) the whole cord. This was then divided 
into three equal lengths, comprising the cervical, dorsal, and lumbar regions respec¬ 
tively, and the three placed in a warm moist chamber for examination. 
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The examination was made as rapidly as possible m the order given below, and at 
the various regions indicated 

Lumbar segment— 


From 4th lumbar 

•035 

to about 11th dorsal 

04. 

Dorsal segment— 

From about 11th dorsal 

043 

to about 3rd dorsal 

037. 

Cervical segment— 

From about 3rd dorsal 

035 

to about 3rd cervical 

037 


After a quarter of an hour’s interval, the experiment was repeated m the reverse 
order, commencing with the cervical and ending with the lumbar segment. The 
results were as follows — 

Lumbar segment . 035 '036, 

Dorsal segment *030 021, 

Cervical segment '031 029 

In this experiment, the dorsal cord resting difference is greater than that obtamed 
from either enlargement, but it is more affected by the injurious influences of 
severance and loss of circulation It must be remembered, that theie are three 
possible factors m the severed cord which determme the amount of the resting 
difference m any given region , the number of fibres, the amount of grey matter, and 
the maintenance of vitality through circulation, &c , this last being influenced by size 
of vessels, &c All these vary in different regions, but the first is preponderant in the 
dorsal region, the others in the enlargements 

( b .) Cord Divided Longitudinally .—In the course of experiments to be detailed 
hereafter, we had occasion several times to divide the cord longitudinally into two 
halves. This division was carried out under all the precautions indicated in the section 
dealing with operative procedure, and was always in the form, of a longitudinal cut 
connecting the anterior and posterior fissures, and extended from the cross section of 
the divided cord for thiee centimeties. Smce it was our main object to establish a 
quantitative comparison between the crossed and the direct excitatory cord effect 
evoked by cortical stimulation, the cord was generally divided m the lower dorsal 
region, and the lower end of the fragment on the central side of the division was split 
in the fashion just described. (See Plates 31, 33 ) The results m seven Cats and five 
Monkeys are given m Appendix B, III. 

Each half of the split cord was connected with a pair of non-polarisable electrodes 
by the cable arrangement already indicated, and the amount of the difference between 
the cross section and the surface in each then determined. It will be seen that the 
average amount for each side in the Cat is '02 Daniell, the highest and lowest readings 
mdcccxci —B 2 s 
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being *029 and 01 m the case of the left side, and *027 and *014 m that of the right 
side. 

In the Monkey, the average result for the left side is *016, that for the right 011 
It will he noticed that in each animal the sum of the two readings is slightly larger 
than the average for the unsplit cord 

A further table (4) give the results of a simdar splitting operation carried out on 
the upper end of the lower peripheral fragment of the divided cord m two Oats 

In one Cat (137) the left half of the split cord showed a resting difference of 007, 
and the right 016 , m the other Cat (143) the left half showed 021, and the right 
013 The amounts are considerably below those just mentioned, one reason doubtless 
being the fact that the portion of cord upon which the operation was carried out was 
severed from the brain 

(c) Cord previously operated upon .—It has already been pointed out that, while 
severance from the brain seems to induce a condition in the separated cord in which 
the amount of the resting difference is less than it otherwise would have been, further 
operations upon this severed fragment do not seem to notably affect the difference, 
provided they are made in such situations as to leave a part of the cord both intact 
and in situ between their seat and the portion observed. 

That is to say, the difference in the lower fragment of a cord severed from the brain 
is not further diminished by exposing it again in its continuity and pei forming there 
either section of one or of several columns 

It is different, however, when such operative lesions have been performed several 
weeks before the experimental investigation. In these cases the average amount 
of the resting difference observed was *022 Daniel 1, that is less than the normal, 
but the differences between the experiments are best shown by reference to the column 
m Appendix B., Ill (5) They will then be found to vary between 012 (cord one 
month after section of posterior roots), and 038 (cord four months after hemisection 
on left side). This last is an exceptionally high result when compared with that 
obtained after a very similar two months’ previous hemisection when the amount of 
the difference was only 017, and also that obtained after a one month’s previous hemi¬ 
section on the opposite side, when the amount was 018. 

In a case of one months previous lesion of both posterior columns, the amount of 
the resting difference was found to be 022, and after a lesion of one posterior column 
it was found to he *025 

If *030 is taken as the average amount of the difference m the normal Cat, after 
severance of the cprd from the brain, then a descending senes occurs in these cases, ae 
shown m the table, in all of which with one exception the demarcation current is 
below the normal, and the average of these, when this exceptionally high and contra¬ 
dictory result is excluded, would he 019 DanielL 
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Table of Results after Previous Operations. 

*012 after section of posterior roots. 

„ hemi sect ion. 

95 59 

„ section of both posterior columns. 

i-i i 0116 ,, ,, 

Average.. 019 Darnell approx. 

2. Alterations in Resting Difference 

The electrical difference between the surface and cross section of the spinal cord 
alters during observation m the manner already described in treating of the sciatic 
nerve and root, but the alterations are much more marked 

(a.) Physical Changes .—The effect of drying is the same as in the case of the 
nerve, the amount of the resting difference continuing to rise steadily after exposure 
and isolation of the cord unless great care is taken to keep it moist It is difficult to 
ascertain with precisiou to what degree this physical change is capable of causing a 
rise in the difference, this rise being about 0001 Darnell in five minutes, but that it 
is by no means the sole agent is shown by the fact that even when the exposed 
cord us kept moist by steaming sponges with as much care as possible, the rise con¬ 
tinues, though more slowly than when no such precautions are used, as also by the 
facts to be leferred to m the succeeding paragraphs It is, however, important to 
keep in view m the consideration of alterations supposed to be due to strictly physio¬ 
logical agencies the influence of these purely physical ones 

(b) Physiological Changes not obviously Excitatory .—The alterations due to 
physiological changes are associated with both a rise and a fall in the amount of 
difference, and are much more marked m the case of the cord than in that of the 
nerve or the root The amount of the rise is demonstrated in the following obser¬ 
vations, m all of which the cord having been exposed, ligatured, and divided, was 
suspended by its unattached end and connected with the electrodes in the manner 
described before. 

It was then observed that in every case the resting difference between the surface 
and cross section increased rapidly for the first five minutes or more after the isolation 
had been made, provided that the cord was still m connection by its deep attachment 
with a part which, being m situ, was in its normal physiological state of nutrition. 
The amount of this initial rise varies considerably in different cords, but the average 
in 19 cases amounted to *0016 Daniell, the highest rise being 003 and the lowest 
001 The duration of this comparatively rapid rise is, on the average, about five 

2 s 2 


017 

018 

*022 

*025 

Total .. 094 
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minutes This initial increase is probably of tbe same character as that observed 
by dtj Bois-Reymond, Hermann, Engelmann, and others in both muscle and nerve, 
and is in some way related to the development of changes produced by the cross 
section 

The difference continues very slowly to increase in the unstimulated cord, at a rate 
of about 0001 m five minutes, this change being probably connected with interstitial 
drying There is, however, a marked increase in the difference when the cord is 
aroused by successive stimulation, and this last rise is the most striking and novel 
feature displayed by the cord it will be treated of under the excitatory changes 

If systemic death occurs, the difference immediately begins to decline, and this is 
such an invariable result that we have often observed the first approach of death by 
the behaviour of the galvanometer needle On separation of the cord from the body 
a similar decline occurs, the rapidity of which is shown by the following results — 


Decline in Difference following Systemic Death 




5 

10 

15 

20 

25 

30 



minutes 

minutes 

minutes 

mmutes 

minutes 

minutes 

Cat (246) 

029 

028 

026 

024 

023 

022 


Cat (258) 

031 

03 

028 | 

026 

025 

024 

023 

Cat (32 i) 

039 

038 


• 



03 

Cat (345) 

04 

037 



1 


i 


Erom the above cases it will be seen that on systemic death the resting difference 
declines to such an extent that m half an hour the total fall amounted to *007, *008, 
and *009 Daniell How far this fall is associated with the cessation of the circulation 
m the actual portion of exposed cord under investigation is a moot point, but the 
reasons brought forward on p 283 with reference to the similar question in the case of 
the sciatic nerve are applicable to that of the spinal cord The local circulation is 
undoubtedly seriously impaired by the exposure; it is, therefore, rather to tbe 
structural connection -with the portion of cord in situ , in which the circulation is 
adequately maintained, than to the integrity of its own blood supply that the main¬ 
tenance of the difference in the case of the living animal must be ascribed. It is 
wonderful what prolonged exposure a portion of the spinal cord will sustain without 
losing its excitability, provided only that the local conditions of adequate moisture 

and warmth are fulfilled and that a structural connection is kept up with normal 
unexposed cord substance. 

The above decline is contemporaneous with a marked lessening of excitability As 
is shown in the chapter upon cord excitation, all evidence of excitatory change m 
reyonse to stimulation disappears a few minutes after systemic death. 

"Iffragment of exposed cord is wholly removed from the animal, the difference 
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lapidly subsides, as is shown in the experiment described on p 318, as made upon 
such pieces of spinal cord 

The decline m the difference thus produced, seems to occur with greatei rapidity 
than m the case of systemic death It is illustrated by the following experiment 
upon the cord of the Cat (354), m which, at the close of an exposure and senes of 
investigations, which had lasted an hour and a half, the exposed piece of cord was 
cut free from its deep attachments, and the consequent decline m the resting 
difference noted 

This difference had previously been nsiug all through the experiment, ever since 
the cord which bad been exposed and divided at the 1st lumbar vertebra was first 
exammed The portion investigated galvanometrically was on the central side of the 
above section, but the upper part of the cord was not connected with the brain, since 
a second complete section at the level of the 7th dorsal vertebra had been made foi 
purposes of stimulation 

The amount of the initial lesting difference between the cross-section and surface 
of the investigated portion observed (at 11 4) was 033 Darnell, at the close of the 
experiments (12 39) it was 038 ; the exposed portion of cord was then severed from 
its deep attachment so as to be wholly detached, in two minutes (12 39) it was 037 , 

(12 41) , t f 036 

(12 43) . 034 

(12 45) 033 

(12 47) 032 

That js to say, a fall m the difference amounting to 006 occurred m ten minutes, 
m another hour the difference had fallen to half its original amount = '019 Darnell 

Both the slower fall m consequence of systemic death and the more rapid fall m 
consequence of a complete detachment fiom the rest of the nervous system, contrast 
with that produced by the change following injury sustained by the cord even when 
in situ. The mechanical injury which seems most fatal to excitability, is that pro¬ 
duced by stretching of the cord, a sudden pull being followed almost immediately by 
the disappearance of any excitatory effect and by a rapid fall m the resting 
difference Thus, in one animal (Cat 126), the difference was '035, but owing to the 
arrangement for fixing the spine, &c , becoming loose, the suspended cord was pulled 
by a movement of the preparation, and the difference fell suddenly to *017 The 
whole cord, however, was not injured, but only the portion observed, for a new 
dissection exposed a fresh part and a higher section was then made, which gave a 
difference of 028 

(c) Physiological Changes connected with Exaltation —It has been already indi¬ 
cated that a characteristic feature of the spinal cord difference is the alteration pro¬ 
duced m it by stimulation. It will be seen by the experimental details, which are 
Set forth in the following chapters, that marked excitatory electrical effects are evoked 
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in the cord by stimulating either the cortex of the biain, the different regions of the 
cord itself, or the issuing posterior roots These effects resemble m character those 
evoked in the nerve trunks themselves, the electrical change commences with the 
stimulation, is opposed m dnection to the resting difference, and subsides on the 
cessation of the stimulus. Following this true excitatory effect is an after-effect, 
which is chai acterised by an increase m the previous difference 

In any given exper im ent the after-effect shows itself thus The cord having been 
exposed, divided, prepared, and connected m the usual way with the electrodes by its 
cross section and ]ts longitudinal surface, the amount of the resting difference was 
noted. This difference rises as just stated for the first few minutes, and then remams 
very nearly steady The cord is now excited m any of the three ways mentioned 
above; an eiectncal change occurs, \.e , a current opposed to the difference is present 
m the galvanometer circuit which, on the cessation of the stimulation, subsides. The 
galvanometer needle, which evidences the existence of this current, having moved 
from its resting zero position through a certain deflection, returns to its previous 
position If the nerve were the tissue under investigation, this return would be not 
quite complete, but with the spinal cord it is characterised by continuing beyond the 
zero position to a point considerably the other side, after which the needle slowly 
moves back again towards zero, which, however, it does not reach. As the result of 
excitation, therefore, the previously balanced difference is no longer compensated , a 
current persists m the circuit m the direction of that produced by the difference, and 
to compensate this, and thus bring the needle back to zero, the balancing circuit has 
to he readjusted 

In short, the excitation has caused, after the usual negative variation, a 
permanent rise m the resting difference between the two electrode contacts. This, 
positive after effect is not unknown in other structures, it occurs occasionally in both 
muscle and nerve preparations of the Frog (Heutng, Head), but the conditions 
necessary for its production are but imperfectly ascertained It is, however, as far as 
we know, invariably present m the case of the spinal cord of the Cat and Monkey, 
though its amount is very variable in different preparations 

In almost all cases the amount of the rise is dependent rather upon the condition 
of the preparation than either the intensity or duration of the cord stimulation. It is 
greatest as a consequence of the earlier stimulations, and becomes less and less with a 
repetition of the stimulus 

If, therefore, a series of experiments are made involving the stimulation of 
the cord at successive intervals, the resting difference rises at first rapidly, and then 
more slowly, until after 20 to 30 stimulations m from 30 to 45 mi nutes, the rise 
finally practically ceases. 

The stimulus used, whether applied to the cord or to structures connected with the 
ocaed* wa£ in all cases that of the alternating induced current previously alluded to in 
on the experimental method. The amount of the* total rise observed in 
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different cases varied according to the seat of the stimulus which evoked the cord 
change This seat may be either (A) Brain, (B) Nerve , or (0) Cord, and the cases 
in which we specially noted this change are as follows — 


A. Cortical Excitation Coid connected with Coitex. 



Initial difference 

Final difference 

Total rise 

Cat (114) 

l 

037 

039 

002 

„ (124) 

046 

047 

003 

„ (126) 

036 

040 

004 

„ (308) 

033 

036 

003 

„ (319) 

030 1 

035 

005 

„ (323) 

032 1 

033 

001 

Monkey (234) 

•026 j 

029 

003 



Average use 003 

B Nerve Excitation (sciatic) 

Cord severed from Cortex 


Initial difference 

Final difference 

Total rise 

Cat (121) 

031 

034 

003 

» (143) 

032 

035 

003 

, (145) 

028 

035 

007 

„ (148) 

023 

026 

003 

» (153) 

025 

029 

004 

(192) 

023 

030 

007 

„ (194) 

017 

020 

003 

» (327) 

023 

034 

Oil 

„ (339) 

022 

OiO 

008 

n (344) 

022 

025 

003 

„ (170) 

026 

029 

003 



Average rise *005 
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C Cord Excitation Cord seveied from Cortex. 



i 

Initial difference 

1 Final difference 

Total use 

Cat (196) 

1 

017 

030 

013 

n (244) 

027 

029 

002 

! „ (245) 

021 

026 

005 

„ (357) 

032 

038 

006 

, (366) 

030 

037 

007 

1 „ (355) 

037 

041 

004 

„ (371) 

028 

035 

007 

■ , (37S) 1 

032 

045 

013 

, (378) 

027 

029 

002 

(243) 

027 

029 

001 

, .. (354) 

033 

038 

005 

! 

! 

i . .. - 


Average rise 006 

o 


These results indicate (1) that the rise in the difference is occasioned not merely by 
the direct application of the stimulating agent to the cord, but as a consequence of 
the presence of a senes of excitatory processes, whether these are produced by nerve 
impulses entenng below by afferent channels, or from above by cortical efferent ones. 
This conclusion is supported by the fact that a similar rise follows a large reflex 
discharge of energy from the cord, when this is produced in the strychmsed animal 
by sensory stimulation. 

(2 ) They also show that the rise is least in the case of the excitatory cord changes 
evoked by cortical stimulation, m which case the limit of rise is not only small, but 
soon attained, the average rise in the instances given under A being *003, the 
maximum = 005, the minimum = *001. When the sciatic nerve or posterior root of 
the cord (severed from the brain) is excited, the rise is seen to he much more 
pronounced, hemg on the average 005, maximum 'Oil, minimum '003. Finally, 
when the columns of the cord itself are excited, the rise is greater, the average being 
*006, maxunum 013, minimum 002 (The average nse m this case would be still 
gieater if the three very low and exceptional readings of 002 were omitted from the 
table; it would then be 0075.) In the same experiment performed on the Monkey 
(232) the rise in half an hour following twelve excitations was *00(5 

It would thus appeal that one of the mam features m the rise is the extent to 
which the nerve structures m the cord are thrown into activity, the result of 
cortical excitation is to awaken impulses in a more limited area of the cord than is the 
case with excitation of the sciatic afferent nerve fibres, and this latter does not cause 
such a widespread awakening as is produced by direct cord stimulation 

From, these results alone no conclusions of a definite kind can be drawn as to the 

* H. 

motions subsisting between the cord and the brain on the one hand, and the cord 
4s#|^tne nerves on the other, but if the amount of resting difference may be truly 
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taken to be an indication of the amount of potential energy, which the nerve material 
is capable of making kinetic in the form of a nerve impulse, then this remarkable 
rise, and the conditions which determine it, would appear to show that the physio¬ 
logical characters of the structure upon which the storage of energy depends, are such 
as to be rendered moie efficacious with use, and that the central structures (cells) of 
the cord play the most prominent part m this influence of functional use upon 
efficiency. 


CHAPTER V—ON THE ELECTRICAL EFFECTS EVOKED IN THE SPINAL CORD AND 
MIXED NERVES BY EXCITATION OF THE CORTEX CEREBRI 

The primary object of this work being the determination of the nature of the 
impulses which issue from the excitable or so-called motor cortex, considerable 
importance attaches to positive results on this point As, however, usually happens 
in the employment of a new method, we have found that more actual advance was 
made by applying it to the study of the lower centres and fibres through which these 
impulses pass than by attempting to elucidate the functional relations existing 
between one part of the cortex and the rest of the encephalon 

One fundamental fact stands out, however, prominently, viz , that, as we shall see 
directly, it is possible to ascertain and judge the nature and comparative amount of 
the electrical changes which accompany the descent of the cortical impulses m the 
spinal cord, and so to learn the character of the cortical discharge Practically, there¬ 
fore, the results of our special investigation of the excited cortex will best be 
arranged according to the part of the nervous system m which the electrical changes 
were observed A further subdivision of such a classification will be necessary m 
order to bring out the wider points of interest which have received elucidation by the 
use of this method, and this is furnished by the summary and arrangement we have 
given on pp 272-276, of the facts discovered by other methods, of which the most 
notable are those of simple inspection and of graphic record respectively. 

In accordance with this plan, therefore, we will commence with considering the 
case m which we observed the electrical changes m the dorsal cord, with the object 
of ascertaining the character of the descending nervous impulses in consequence of 
stimulation of the cortex 

We have employed in these experiments on the relations of the cortex cerebri to 
the bulbo-spinal and peripheral systems fifteen Monkeys and thirty-two Cats. 


2 t 
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Excitation of Cortex 

1 Electrical Changes Observed m the Spinal Cord 

The arr ang ement expressed in the above headings is the fundamental experiment 
designed to elucidate, if possible, the nature of the impulses which pass from the 
cortex to gain and traverse the bulbo-spmal centres The desirability of avoiding 
shock, which so maikedly lowers the excitability of the cortex, led us to choose to 
investigate the electrical effects which accompany the impulses as they pass through 
the mid dorsal region, so that the section of the cord was made in the Cat imme¬ 
diately below this point, and m the Monkey, just above or through the uppermost 
part of the lumbar enlargement (See figs 4 and 5.) 

This selection of the seat of section had the additional advantage that it enabled 
us to proceed at once to the determination of further points, viz., the localisation of 
the upper and lower limb areas m the cortex, and thus to generally control the results 
obtained, as will be shown presently We will first describe a typical experiment. 

The anaesthetised animal having been arranged as described (Chapter III) the dura 
mater was exposed over the so-called motor area of the lower limb, the spina] cord 
was then exposed at the level of about the 7th dorsal vertebra, raised m air and 
connected to the non-polarisable electrodes The character of the resting electrical 
difference between the cut end of the cord and the unmjured surfaces of the columns 
was noted as set forth in Chapter IY. 

(a) Effects seen m the Electrometer. 

The electrodes were, in the first instance, connected with the capillary electro¬ 
meter. 

The dura mater was then opened, and the surface of the cortex excited (vide p. 299) 
The effects observed m the electrometer were— 

(1.) A persistent negative variation of the difference lasting as long as the excitation 
was applied to the cortex. 

(2.) A series of intermittent negative variations commencing (sometimes after a 
short interval had. elapsed) from the cessation of the excitation, and continuing for a 
variable period according to the state of the cortex 

We may with advantage at once briefly review the general questions raised by 
this result, as such a discussion will make clearer the object of further researches 

The effect seen in the electrometer was so identical m character with that obtained 
from the muscles in an epileptiform convulsion started by similar excitation of the 
cortex as to suggest that the essential features of the muscular convulsion are 
"Wholly due to the character of the cortical discharge. This is illustrated by the 
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Eig 4* 


Fig 5 





XIU.D 



p 



* The central nervous system displayed in this and succeeding figures is a photographic reduction of 
a full size photograph of an actual dissection, as shown also in Plates 30-33 By this means, exact topo¬ 
graphy of all experimental details (i e position of electrodes, &c.) has been preserved. It is, perhaps, 
hardly necessary to add that the amount of cord exposed is shewn in Plate 29. 


2 T 2 
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annexed woodcut (fig 6), in which two records, one of the muscle, the other of the 
movement of the electrometer, are contrasted The lower tracing, G, is that of the 
muse alar movements of the rectus femons of the Cat, the upper, E, is that of the 
movements of the projected image of the mercurial meniscus of the electrometer 
photographed on a sensitive plate The juxtaposition of the records was effected by 
a photographic reduction of the two tracings It is necessary to pomt out that exact 
comparison is not possible, since the two records were obtained from different animals , 
they are, however, comparable m this sense, that since we have selected m each case 
fits of about the same degree of intensity, the general fused character of the first 
stage, and the interrupted character of the second stage, is similar m each 

Further, the change m character of the interrupted stage itself as the fit draws to 
its close is very noticeable, the great increase m the extent of each dome spasm 
accompanying the slower rhythm is, as will be seen, a feature common to both records 
It will now be advisable to consider m more detail the character of these electrical 
variations 

A reference to the photograph of the movements of the electrometer, in fig. 6, 
will show that the first stage of the effeeb produced in the cord by exciting the 
cortex, ^e., the tome variation lasting during the period of excitation, is a complete 
fusion of impulses, so that it is with our present instruments impossible to detect 
any waves or intermissions in it In this respect the tonic stage exhibits no 

E 
t 


c 


difference from the tonus obtained by exciting the corona radiata after the cortex 
is removed, If m otherwise with the graphic method, see p. 273, in which a 
rhythm of period dan be 'seen, showing the tonus to be an imperfect fusion of 
contractions Until the question is re-examined with still more delicate instru¬ 
ments, it must be left entirely open, as the absence of m termittence in tbe 
electrical record may be due to instrumental inadequacy. ^Vb cannot, however, 
refrain from suggesting that it may he possibly a genuine phenomenon, and that 
the.yraves seen often on the tetanus curve, in the graphic method, may be m 
with blocks in the motor path; one such block we have found to be offered 
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by the bulbo-spinal centres to the passage of the impulses, from the spinal cord out 
into the nerve (see p 458, Chapter X ) The further lecent expenments of Wedenskii* 
seem to suggest that these waves m the muscular record may be to some extent 
m relation with the block offered by the motor endings of the nerves m the muscles, 
since he finds that such muscular mtermittence may be produced by stimulation 
of the nerve itself with rapid rates, an mtermittence which, not being synchronous 
with the rate of stimulation, but having its own rhythm, is presumably referable 
to the neuro-museular mechanism 

As regards the after effect, the clonic stage, it is frequently separated from the 
tonic stage by a distinct pause or mterval, this is of course visible in all methods of 
exploration, to which the electrical investigation of the spinal cord is no exception. 
When it occurs, therefore, it is obvious that aftei the cortex has heen roused to 
discharge, thus evoking the tonic stage, it possesses the power of again emitting 
impulses when thrown into a high state of excitation The period at which this 
clonic discharge commences is variable, there bemg m some instances a pause or 
period of delay, whilst in others the intermittent or dome stage may even overlap 
the tonic condition, which, consequently, ceases prematurely, while yet the excitation 
is being continued 

The clonic stage, or after effect, has a distinct rhythm (see graphic method, p 273), 
m which the muscles respond to intermittent impulses Exactly the same is seen in 
the electrical changes of the spinal cord This stage, or after effect, as it truly is, 
•presents three chief features for study.—(1) Its commencement; (2) its development, 
(3) its mode of termination, these being common to both the muscular and the spinal 
records 

(1 ) The clonic stage invariably begms with small, often single discharges, mde fig 6, 
these soon increase in strength. This is of course closely imitated by the graphic 
records of the muscle, the contractions of which, minimal at first, become, later, 
maximal 

(2 ) The further development of the stage is marked by summation of the impulses, 
the rhythm of which, directly measured, appears to be about 10 per sec, but we 
have not yet had time to thoroughly investigate this point. ( Vide graphic method* 
p. 273 ) 

The summation of the electrical variations very obviously harmonises with all the 
other facts relating to the persistence of the muscular contraction, when produced 
by cortical stimulation. (See also FRANgois Franck and Bubnoff and Heddenhain, 
loc cit ) 

(3.) The termination of the series of intermittent variations is marked by their 
becoming fewer, larger, and finally ceasing abruptly (vide fig 6), very rarely 
d iminishing to final disappearance. 

# Wedenskii, ‘ Archives de Physiologic Normale et Pathol/ (Beown-S^quabd), Jan, 1891. 
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The absolute values obtained m the electrometer varied m the two stages, as 
estimated by the eye, and the rough estimate thus formed is supported by the better 
evidence of the photographs They average 2 divisions, rarely 3 divisions for the 
tonic stage, and 1 5 divisions for the dome stage 

It would appear that this is true for the Carnivorous animal, as represented by the 
Cat (eleven animals observed). Whether these electrometer figures are the same for 
the Monkey we are unable to say, as we devoted our attention m the experiments on 
that higher Mammal (seven animals observed) to photographing the results 

The absolute electromotive values obtained by the electrometer and recorded photo¬ 
graphically, are being examined by Mr G F Burch at the present time, and we, 
therefore, will postpone the further consideration of this most important point 

( b ) Effects seen in the Galvanometer . 

The total effect produced m the galvanometer when it is connected with the spinal 
cord, and the cortex is excited, resembles the records of the muscular contractions, m 
that there are two distinct stages It need, however, hardly be said that the slow 
swing of the galvanometer needle is incapable of recording intermittently, and con¬ 
sequently both stages are composed of a series of summated effects. The rate of 
movement of the needle is notably different m the two stages, and the close observa¬ 
tion of this featuie proved of much value m other experiments, notably those on the 
corona radiata, see p. 337 

In the first stage the needle generally begins to move soon after the commence¬ 
ment of the cortical excitation (see Method, p 299), but often owing to one of the 
depressing circumstances mentioned on p. 272, the cortex is not normally excitable and 
the effect it produces when stimulated is consequently delayed The needle swings 
steadily during the excitation, but when this ceases there is a distinct check, ^ and 
then as the after-effect develops the needle slowly swings on and gradually comes to 
a standstill at the end of the second stage or after effect. The mode of ter mi nation 
of this last is slow and deliberate in its gradual diminution, thus contrasting markedly 
with the abrupt cessation of the galvanometer excursion, when the corona radiata or 
spinal cord is excited This gradual dying out of the effect is so absolutely 
characteristic of the cortex that it can be used for differentiation 

Though well aware of the small value to be attached to the quantitative use of the 
galvanometric readings thus obtained, we venture to add a few remarks on these m 
view of the novelty of the point 

When the central end of the whole cord is connected with the galvanometer, and 

* VV-hat is said oh p. 299, Ac , relating to possible errors and fallacies may be here remembered as 
Rowing that this check is purely apbysiologxcal phenomenon, there being no possibility of the excitation 
the delicate galvanometer. 
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one cortex (i e , lower limb focus) excited for a definite period, an electrical excitatory 
variation is produced m tbe coid, the amount of which is indicated by the following 
average of several observations 



Duration of 

Average strength 

Average 


excitation 

of excitation 

variation. 

Oat 

5 seconds 

8500 

193° 

Monkey 

3 5 „ 

4500 

175° 


The brain of the Monkey was stimulated for a shorter time, and with far weaker 
excitation than that used for the Cat, in consequence of our desire not to make the 
cortex hyperexcitable Even then the excitatory effect in the Monkey is nearly as 
large as that m the Cat The truth of this position is also evidenced by numerous 
observations we have made under other circumstances, the Cat always requiring a 
stimulus, which in the Monkey would have evoked a far higher excitatoiy effect As 
with all results obtamed by the method of averages, no doubt this point would repay 
accumulation of observations, since, although no absolute value can be given to the 
figures, they seem to show specific differences With the cord divided longitudinally, 
and the excitatory effect observed m each half, this absolute difference apparently 
disappears (see p 354). 

Before proceeding further, it is essential that we should indicate the experimental 
evidence on which we base our interpretation of the electrical changes m the cord 

That the changes are due to the discharge of excitatory impulses from the cortex is 
clear, but it may be asked what evidence apart from the parallelism discussed on 
p 824 there is to show that they are the concomitants of the passage of actual nerve 
impulses through the portion of exposed cord, and not the results of conduction from 
the electrical changes evoked m all the surrounding muscles which are thrown into 
spasm. 

The evidence which shows that the change is one locahsed m the nerve fibres of the 
exposed cord may be grouped as follows — 

(1.) The position of the electrodes bemg arranged to ensure isolation, as described 
m Chapter III, p 295, this isolation is sufficiently complete to allow of the surrounding 
muscles being thrown into activity without any electrical change m the exposed 
tract being evident in the galvanometer 

(2) In observations made m the Monkey with the freshly exposed cortex, the 
initial and immediately succeeding stimulations of the lower limb area evoked effects 
which, with the strength of the stimulus employed, were so exactly circumscribed 
that, since the cord was divided and the lower limbs thus cut off, no demonstrable 
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muscular move m ent of any kind existed, yet a maiked and distinct electricu] change 
of the usual kind was present m the cord and evidenced both m the electrometer and 
the galvanometer 

When, further, owing to prolonged excitation, exposure, or slighter degree of 
etherisation, hyperexcitability of the cortex became established, subsequent excitation 
evoked a more geneial discharge, and although the muscles of the trunk and upper 
limb were now thrown into active contraction, the change evidenced by the electro¬ 
meter and galvanometer remained similar m character to that previously observed 
(3 ) If m any given instance with the central end of the spinal cord m the lower 
dorsal region exposed and connected with the galvanometer electrodes, the cortical 
area for the upper limb was excited, no effect was observed m the galvanometer and 
electrometer, although the muscles of the upper limb were thrown into convulsion 
(4 ) The injury (cutting off, &c.) of the cord between the exposed region and its 
deep connections abolishes the effect in the cord, even although the muscles are 
thrown by cortical excitation into violent spasm 

(5 ) In addition to the above, the whole mass of results to be detailed in this and 
the succeeding chapters is convincing evidence of the truth of our interpretation, 
since, as will be seen by separating the fibres m the two sides of the cord (longitudinal 
section), by interrupting the fibres on one side only (hemisection), &c., we obtained a 
differentiation in our results which admits of no other explanation than the one 
upon which we base our deductions, namely, that the electrical effects observed are 
due to changes localised in the exposed cord, and, moreover, in the experiments 
under discussion localised particularly in the nerve fibres which form tho pyramidal 
tracts 

The fact above alluded to of the absence of electrical effects m the dorsal cord when 
the area for the upper limb was excited m the Monkey, involves matters of such 
importance that we now pass on to consider it m some detail 


(c.) The Localisation of Efferent Representation m the Cortex as ascertained by the 
Electrical Method. 

It was clear from the commencement of tins research, that oui method afforded 
means of differentiating the centres in the cortex and their correlated fibres m the 

spinal cord. We accordingly made observations of the following character._ 

Havmg exposed the cortex freely, and connected, as before, the cut dorsal cord with 
the electrometer, we proceeded to obtain the usual result by exciting the lower 
limb area with a mi n i m al but adequate stimulus, evoking thus an effect without at 
the same time developing an epileptic hyperexcitability of the cortex. We then 
p$q}I°red the rest of the surface of the so-called motor region with the electrodes and 

excitation, to see how far we could determine whether there was 
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any electrical change in the cord, i e , the pyramidal tract, really belonging to the 
lower limb, when other parts of the cortex were excited As will be now shown, our 
instrument gave no indications of such diffused effects, but m this relation we must 
draw attention to the animals used (Cat and Monkey) 

Considering that the minute differentiation of efferent motor function in the cortex 
of the Cat is relatively insignificant compared to that in the Monkey, we employed 
the former animal for the pielimmary investigation of the accuracy of the general 
position which is involved m our first statements But we also found m the Cat that, 
while with a given strength of excitation, stimulation of the lower limb cortical area 
gave the definite lesult of a movement of two divisions m the electrometer (the con¬ 
nection of the cord, &c, being as stated before), the excitation of the occipital lobe 
and the temporo-sphenoidal lohe respectively gave no result at all. Upon this point 
it may be remarked that m some instances we were able m the Cat even to differen¬ 
tiate, as we easily could do m the Monkey, between the upper limb and the lower 
limb areas That is to say, that if the dorsal cord were observed, we got a well- 
marked effect by exciting the lower limb focus (as mdicated by Perrier), whereas 
excitation of the fore limb focus pioduced no visible change in the cord’s state, as 
evidenced by the electrometer 

Thus the following facts were noted in the Cat (126) 


Cord ied off at Lower Dorsal Begion. 


Regions of cortex excited 

Strength of 
excitation 

Effect in Electrometer 

1 

Tonic stage 

Clonic stage 

(a) Lower limb focns 

10,000 

Rise 2 divisions 

1 5 divisions 

(Z>) Occipital lobe 

10,000 

Nil 

Nil 

(c) Temporo-sphenoidal lobe 

10,000 

Nil 

Nil 

(d) Fore limb focus 

10,000 

Nil 

Nil 


Eox the points a, b, c, d excited, see Plate 30 


Turning now to the Monkey, we carried this mode of investigation still further by 
the employment of mmimal stimuli. The following general result was obtained. The 
dorsal cord being observed, the greatest effect was produced when the excitation was 
applied to the centre of the lower limb area, i.e., just at the hallux focus,* and this 
effect diminished as the electrodes were removed from that point towards the mesial 
surface of the hemisphere or downwards over the convex surface towards the superior 
frontal sulcus. (See Plate 32 ) It was interesting to observe that opposite this sulcus. 
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* Beeyor and Horsley, £ Phil Tsana.,’ 1890, &c 
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where, accoiding to Beevor and one of us, the upper and lower limb areas tend to 
oveilap, with the same stimulus asm the latter case this region was the last from which 
any effect could he pioduced in the fibres of the dorsal cord Even m the case where 
the whole coitex was very excitable, and where a generalised effect was thus easily 
evoked, and where, consequently, electrical effects in the cord followed stimulation of 
the upper third of the upper limb area, the general effect was, nevertheless, most 
markedly graduated from the centre of the lower limb area m diminishing order as 
the electrodes were removed downwards and passed the level of the superior frontal 
sulcus 

We may now allude to the obvious inference that might be drawn from these 
experiments, namely, that although there is no sharply marked line of demarcation 
between the cortical foci, there is nevertheless m the facts we have just stated a 
certain amount of evidence against the assumption that the lower limb, for example, is 
represented to any marked degiee in the upper limb area of the cortex. We do not 
speak with great positiveness on this point, because it may well be that the instru¬ 
ment we chiefly used in this branch of our work, the electrometer, was not sufficiently 
delicate to show the extremely minute variation which might be supposed to result 
from the excitation of only a very few fibres That this indeed seems probable is 
shown by the results of two experiments which we performed with the galvanometer 
instead of the electrometer Unfortunately, however, they do not enable us to speak 
with greater certainty in the directions indicated, because m each instance the cortex 
was hyperexcitable from the commencement of the experiment This, however, is 
clearly a branch of enquiry which might with advantage be followed out by subsequent 
observers 

In this connection the experiments of Sherrington'* are very suggestive, and we 
shall refer again to this part of the subject in describing our experiments on bilateral 
representation. 

(d ) The Amount of the Gcdva/nometmc Readings. 

Although, as has been stated, no exact comparison for quantitative purposes can 
be made between different deflections of the galvanometer, when, being connected 
with the central end of the exposed spinal cord, the cortex is excited, yet the 
amounts of the different readings are in themselves of great interest, owing to the fact 
that it is always possible “with an excitable cortex and a sufficiently strong excitation 
to obtain very large galvanometric deflections. It is obvious that the deflection is 
dependent not merely updn the intensity but the duration of the stimulation, hence 
the excitation was limited by the'revolving key, previously described, to 5 seconds, 
however, the cortical discharge lasts a variable time after the stimulus has ceased, 


* 1 Proceedings of the Physiological Society,’ 1890. 



ON THE MAMMALIAN NERVOUS SYSTEM. 


331 


the galvanometric effects display, as might he expected, great inequalities, these, 
however, will be seen to be m strict relation with the amount of visible contraction 
evidenced m the muscles of the trunk, &c, and hence are leally determined by the 
force and duration of the cortical discharge Bearing this m mind, the following 
table is very instructive, as indicating the size of the deflections, which vaiy, as is 
seen, from 63 to 510 scale The intensity of the stimulus, the particular cortex 
excited, and the character of the fit evoked, are in each case noted. 

It will be seen that the average of these readings, which were all taken in four 
animals (Cat), as far as possible under similar conditions of etherisation, &c, amounts 
to 193 scale. It will be also seen that it is always easy to pioduce by a s uffi cient 
intensity of stimulation readings which are m excess of this 


Galvanometric Effects produced m Spinal Coi d of Cat by Cortical Excitation 



Intensity of 
Excitation 



Galvanometnc 

Effect 

Mnscnlar 

Movement 

Oat (315) 

8,000 

5" left coitex 

63 

Slight fit 

8,000 

„ right 

33 

115 

33 93 


9,000 

„ left 

53 

108 

93 59 


9,000 

„ right 

33 

230 

Good fit 

„ (31V) 

8,000 

, left 


50 

Very slight fit 


10,000 

5 ) 59 

3 5 

162 

Fair fit 


12,000 

95 99 

3 ) 

235 

Good fit 


8,000 

» right 


130 

Slight fit 


10,000 

9 5 5 5 


185 

Fair fit 


12,000 

55 1 1 


230 

Good fit 

„ (319) 

10,000 

„ left 

13 

90 

Slight fit 


12,000 

93 59 

33 

170 

Fair fit 


10,000 

„ right 


150 

i 

93 3 1 


12,000 

95 39 

91 

260 

Good fit 

„ (324) 

6,000 

„ left 

33 

260 

Slight fit 

8,000 

33 55 

31 

340 

Fair fit 


10,000 

3 39 

Average 

)■> 

510 

37 = 3288 

* 

193 

Powerful fit 


The mterest of the results will increase when we compare the average amount with 
the highest obtainable value of the galvanometric reading afforded by the effect of 
cortical excitation in the sciatic nerve. It must be now pointed out that in all cases, it is 
essential to reject observations in which there are sudden irregular changes in the resting 
electrical difference of the cord, since these are m great measure due to slight failure 
of the anaesthesia and to the consequent semi-voluntary discharge of cortical impulses. 

2 u £ 
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(e ) Electrical Change m Corel produced by C£ Semi-voluntary ” Cortical Discharges, 

During prolonged etherisation it is well known that animals of all kinds, including 
Human beings, occasionally make unconscious, but semi-voluntary, purposive move¬ 
ments. These movements are abolished by very profound anaesthesia 

Electrical effects manifest themselves m the observed portion of exposed spinal 
cord when these semi-voluntary movements occur m the upper limb and trunk muscles 
The effects are evidenced m the galvanometer connected with the tissue by deflec¬ 
tions, which, though resembling the excitatory variations m being always opposed m 
sign to that of the resting difference, vary very much in amount and rapidity of 
development. It is obvious that the excitability of the cortex and the intensity of 
the exciting agency, must be the chief agents in determining the amount of this 
effect. The extent of such a deflection when, as evidenced by well-marked move¬ 
ments of the muscles on both sides in the upper half of the body, a considerable 
cortical discharge of energy was taking place, has amounted m the Monkey to 360 
scale, it was however, at once abolished by profound ansesthetisation As a rule the 
deflections amounted to from 20 to 60 scale, no doubt they would have been larger, 
had it not been for the fact that, since them appearance interfered with accurate 
observation of cortical effects evoked by stimulation, we always took care on perceiving 
them to so alter our conditions of anaesthesia as to abolish this source of error. 


2 Electrical Changes m the Sciatic Nerve 


After having thus considered the electrical changes produced in the spinal cord by 
the functional activity of the cortex, we next turned our attention to the more 
complex question of what occurs in the peripheral nerves when the cortex is excited. 
This is obviously more complex, because, although we are still exciting the cortex, we 
have now introduced into the mechanism the bulbo-spinal system of centres, so that 
we are brought at once face to face with the question as to how far the changes which 
we have just been studying in the spinal cord are modified by the as yet hypothetical 
termination of the fibres of the pyramidal tract m the said bulbo-spinal centres. 

We are justified m expressing this query in a still simpler fashion : what becomes 
of the cortical impulses when they reach the bulbo-spinal centres ? Other things 
being equal, it might have been expected that we should have got very clear evidence 
qf the effect of active excitatory change m the peripheral nerve, seeing that if this 
had been still in connection with the muscle, the muscle would have been thrown into 
a powerful senes of contractions. It was, therefore, with very considerable surprise 
fthat lye observed what a relatively small electrical variation was obtainable in the 


^.fUerve -when .the corresponding portion of the cortex was 

W * at ^ f . t • -» - _ 


- ■~ jp --^ wj. vixvj wi uva yy cko x J.J.U 

l?ppqo^|Ip?e; was extremely simple, and as follows .—*The cortex was exposed, as 
^nd the sciatic nerve on the opposite side of the body was also exposed, 
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ligatured, divided below the hgature, and its central end connected in tlie manner 
indicated m Chapter III. with the galvanometer or electrometer electrodes. (See 
% 7 ) 


Fig 7 



We found that excitation of the cortex m most cases produced no perceptible 
effects when the capillary electrometer was in connection with the nerve, and when 
occasionally effects were seen, their complete absence in other instances, and their 
rapid disappearance on repetition, threw doubt on the observations. 

With the galvanometer, however, effects could always be seen, though these 
were very small in amount as compared with those observed m the spinal cord. In a 
few cases, however, m which the excitation applied to the cortex was very intense, so 
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as to arouse very violent and prolonged bilateral fits, the deflections observed 
approached m size the smallest of those obtained m the cord The general results 
■will be seen by the following table, m which the effects observed m the nerve on the 
opposite (i e , conespondmg) side to the excited cortex of eleven Cats and two Monkeys 
are separated fiom those observed in the nerve on the same side The table is so 
arranged that the weak fits are given first and the stronger prolonged ones last. 

It will be seen that the amount of deflection varies from a mere trace to 80, the 
larger readings being always obtained in the case of powerful prolonged and bilateral 
fits. The average of all the readings in the nerve opposite to the excited cortex is 31, 
whilst under no circumstances, even with the most powerful fits, is an effect obtained 
equal m amount to the change evoked in the spinal cord 



Intensity 

of 

Excitation 

Duration 

of 

Excitation 

Cat (291) 

12,500 

Secs 

5 

„ (293) 

10,000 

33 

„ (296) 

11,000 

33 

» (299) 

12,000 

3 ) 

„ (290) 

3 : 

33 

« (71) 

6,000 


Monkey (54) 

5,000 

<J 1 
o 3 

„ (217) 

17 

n 

Cat (298) 

12 500 


.. (75) 


33 


10,000 

33 

» (292) 

12,500 

« 

„ (79) 

33 

33 

» (301) . 

12,000 

3 


Average 


Effect m 
Nerve 
Opposite 
to Cortex. 

Effect m 
Nerve on 
same Side as 
Coitex 

Character of Fit 

2 


Weak 

7 


33 

6 


3) 

5 


33 

9 


33 

12 


Slight 

20 


Fair 

12 

10 

Weak 

20 


Fair 

10 


33 

18 

2 

35 

10 

* 


22 


73 

20 


)3 

16 

5 

Good 

18 

1 


28 

18 

3 3 

18 

* # 

Moderate 

16 

5 


28 


Good 

35 



28 


3 > 

35 

* i 

J w 

Yiolent 

55 



Prolonged 

46 


1 

Prolonged powerful 

80 


J 

fits 

>3 

. 

1 

Piolonged poweiful 

33 


J 

fits 

70 

80 

Piolonged powerful 



fits (morphia) 

28= 868 



31 
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If we select out of the whole table those leadings which weie obtained with fits of 
a unilateral chaiactei, thus disiegardmg the whole of the larger numbers, we find 
that the average amounts to 20, this being very much below the average unilateral 
effect m the cord (See Chapter VII) 

It might be imagined that this diffeience in amount between the neive and cord 
effect was entirely connected with the difference m sectional area and thus in resist¬ 
ance , that this is not the case is shown by the following considerations — 

(a ) The total resistance m connection with the preparation is made up of the 
electrodes with their cables and the tract of tissues, of these the resistance of the 
cables is far m excess of that of the tissue, and hence any difference m lesistance 
between the spinal cord and nerve preparations due to the sectional area of the tissue 
is but a small fraction of the whole 

(6 ) The absence of effect in the capillary electrometer, when connected with the 
nerve, shows that any unusual resistance which may be offered by the nerve as com¬ 
pared with the cord is not the cause of the diminution, since the amount of the 
electrometer movement is unaffected by changes of resistance 

(c ) The sectional area of the nerve of an adult large Cat is nearly as great as that 
of the dorsal cord of a young animal or a small Monkey, yet the effect is small m the 
former and large in the latter structure 

(d.) As will be seen m Chapter YII, on bilaterahty of representation, it is possible 
to obtain large effects in only one-half of the cord, spht longitudinally. This portion 
has apparently less sectional area than the sciatic nerve, but the electrical change m 
it, as will be seen by reference to the tables, is far in excess of the nerve change. 

(e.) The change m the cord is undoubtedly one connected with the fibres of the 
pyramidal tracts, it is therefore with reference to their sectional area as compared 
with the area of the motor nerves m the sciatic nerve that any criticism on this head 
should be directed. There is, however, every reason for supposing that the pyramidal 
tracts in the dorsal region are smaller m cross section than the sum of the anterior 
roots of the lumbar plexus. 

These considerations serve to emphasize the conclusion to which, as it appears to us, 
the foregoing results tend, viz , that the extraordinary difference in quantity between 
the electrical effect in the cord and m the sciatic nerve when the cortex is excited, 
must be attributed to an alteration m the quahty and quantity of the nerve impulses 
in their passage from the cord mto the nerve, and that the structure of the spina 
centres, through which the impulses must necessarily pass to reach the issuing nerves, 
so influences the transmission as to cause this striking change This view is 
strengthened by the remarkable confirmation which is given to it by experiments m 
which both the spinal cord is directly excited and the centres in it discharged reflexly 
by stimulating its posterior ro'ots. It will be seen (Chapter X., p 478, and Chapter 
XI., p. 494) that under these circumstances the electrical effects produced m the sciatic 
nerve are extremely small and resemble in amount those above referred to. 
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The largest effects we have ever seen m the nerve m consequence of cortical 
excitation have been obtained by the use of absinthe The poweiful general fits 
which followed the introduction into the blood of this drug being evidenced m two 
animals (Cat) by effects which have amounted to 272 scale. It need hardly be 
pointed out that such fits are of extremely prolonged character, and that m the spinal 
cord electrical changes occur which give deflections m very many cases too large to be 
read (off screen). 

Cortical Localisation as Evidenced by Electrical Changes m the Nerve 

The electncal changes m the nerve, as evidenced by the galvanometer, although 
small, are quite definite, and afford additional proof of the localisation of cerebral 
representation. Thus, when an adequate stimulus was employed, which was, 
however, only intense enough to evoke unilateral muscular contractions, the electrical 
change m the nerve was entirely confined to that on the opposite side to the excited 
cortex This subject will be discussed m detail m Chapter YII, which deals with 
bilaterahty of representation. It may, however, be pointed out that no other operative 
interference than that already described as necessary for cortex and nerve exposure 
having been performed, it is perfectly evident that if the stimulus was maximal, as it 
usually was m this experiment, a bilateral fit could and did happen, so that from one 
nerve an effect might be and was obtained due to discharge of both bemispheies 

It is, moreover, interesting from the point of view both of control and of localisa¬ 
tion, that in cases where a strength of stimulus which did not evoke a general 
discharge was employed, whilst the application of the stimulus to the so-called lower 
limb area of the Cat produced definite electrical changes m the nerve, its application 
to the focus of representation of the upper limb evoked little or no change, even 
though the stimulus was followed by marked epileptic convulsions in the upper 
limbs. The localisation of the foci of representation of the movements of upper and 
lower limbs m the Carnivora, which has been determined by othei observers, is thus 
corroborated by the use of the present method. 


CHAPTER VI —ON THE ELECTRICAL EFFECTS EVOKED IN THE SPINAL CORD AND 
MIXED NERVES BY EXCITATION OF THE CORONA RADIATA 


Excitation of Corona Radiata 

I. Electrical Changes in the Spinal Cord. 

Fe will consider fat the general character of the 'changes as evidenced by the 
’ -of- the caoill&rv electrometer. 
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(a ) Effects seen m Electrometer 

The cortex and spmal cord having been exposed, the central end of the coid 
divided m the lower dorsal region was connected with the instrument m the manner 
already described, and the corona radiata displayed by the method detailed m 
Chapter III, Section 2. 

We have already stated that it was early shown by Francois Franck and others 
that removal of the cortex and excitation of the corona radiata no longer gave the 
characteristic sequence of tome followed by clonic muscular contraction, but simply a 
tonic contraction synchronous with the duration of the excitation, the first stage, as it 
were, of the cortical effect, . In our earliest experiments (see ‘Roy. Soc. Proc } ), we 
found that a similar difference occurred m the character of the electrical changes 
observed in the spinal coid, as evidenced by the capillary electrometer. The character 
of the change in the two conditions is well shown m the facsimile representations of 
the photographic records which are given m our former paper, the corona radiata 
effect being simply a persistent tome negative vanation, the amount of movement of 
the memscus being about one division of the eye-piece scale. 

The small size of the electrometer change, and the consequent difficulty of appre¬ 
ciating its comparative quantitative value under different circumstances, led us to 
employ the galvanometer as an index of its amount 

(b.) Effects seen in Galvanometer . 

When the effect in the cord is observed with this instrument it is seen to be unlike 
that evoked by cortical excitation m this respect, that the deflection of the needle 
commences with the application of the stimulus, and ends sharply with its termina¬ 
tion. The amount of the deflection is thus very definite, but of less extent than 
that obtained when the cortex is excited 

In the foliowmg table a series of observations made on three Gats are given, m 
which precautions were taken to insure that the state of anaesthesia, &c., should be in 
all cases as far as possible the same. The deflections vary from 37 to 175, the 
average being 102. 


2 X 
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Effect m Spinal Cord 



Intensity 

Duration 

Effect 

* 


of 

of 

m spinal 

Character of muscular effect 


excitation 

excitation 

cord 




Secs 



Oat (99) 

12,500 

5 

42 

37 

Tonic contiaction 

15 3 ) 




50 

3 3 33 

CO 

GO 

OO 

10,000 

5 

118 

Well maiked tonic contraction 


58 

33 33 33 




120 

33 33 33 




62 

33 3 ) 33 


11,000 

5 

130 

Well marked tonic contraction 



110 1 

33 33 33 




71 

33 3 ) 13 




170 

33 33 33 

„ (309) 

8,000 

5 

125 i 

Well marked tonic contraction 


175 

33 33 33 


8,000 

5 

135 

33 33 33 



129 

>1 33 3 ) 


i 

! 

* 

15=1532 




Average 

102 



We would pass from this part of our subject, since our knowledge of the process 
of secondary degeneration has shown that m the arrangement of the experiment all 
we do is to observe at one (the spinal) end of a column of fibres the changes evoked 
by stimulating these fibres at the other (corona radiata) end, were it not that the 
above effect is capable of modification in a manner which demands consideration. 
Moreover, we wish to emphasise the fact, that in its simplest form the corona radiata 
effect, as observed in the cord, is an example of the application of the galvanometnc 
method to the determination of directly continuous nerve tracts m the central 
nervous system This, as we shall see later in dealing with the spmal cord itself, is 
one of the most valuable uses to which the method can be put. Thus when a definite 
tonic effect, and that only, is evoked by the excitation, the application of the stimulus 
to any fibres of the corona radiata, except those immediately underlying the focus of 
representation of the movement of the lower limb, produces no electrical changes in 
the lower dorsal cord, even though the muscles of other parts are sent into tonic 
contraction. The modifications we have referred to above, are those which have been 
observed by most workers with the graphic method, and consist m the presence of an 
after-effect in no wise differing from the clonic stage of the full cortical discharge save 
m duration and completeness. The assumption is naturally that in the arrangement 

if is impossible to avoid exciting association fibres (fibrae arcuatae, 
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&c), which aiouse the neighbouring cortex ceiebri, and cause a discharge from cor¬ 
puscles in which the peripheral part under investigation is yet lepresented 

"We have little doubt but that this is the true explanation, and believe that 
excitation really limited to the fibres of the corona radiata is never followed by such 
an after-effect This will, however, be again referred to in Chapter YII 


2 Electrical Changes in the Sciatic Nerve 

As m the result of cortical stimulation, so m that of excitation of the corona radiata, 
there is a striking difference between the effect in the cord and that m the sciatic 
nerve We have never yet observed any effect from the nerve when the electrometer 
was employed, in the galvanometer, however, such effects are generally seen, although 
the necessary stimulus has to be so strong as to run the risk of evoking discharge 
from the uninjured portions of cortex Whenever such epileptic dischatges obviously 
occuired, as evidenced by the muscular movements, the observation was regarded as 
worthless. 

The following table gives the results observed in eight Cats, all those being 
excluded m which, owing to the degree of anaesthesia being less, the excitation 
brought about general muscular movements. 

As m the case of cortical excitation, so here, the deflections observed m the (cone- 
spondmg) nerve on the opposite side to that of the excitation are placed in a separate 
table to those observed m the nerve on the same side, the latter being given so as 
to show when bilateral effects were produced 

It will be seen that the amounts vary between 4 and 68, and that the average of 
all readings is 26. 
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TTt T?nrPT>m A T TT-ffiar*+Q ID 'Kh P 'N'pT'VP 



Intensity of 
excitation 

Duration of 
excitation 

Effect m cor¬ 
responding 
nerve 

Effect m 
nerve on 
same side 

Muscular effect 
observed 



Secs 




Cat (290) 

12,000 

5 

7 

0 

Tonus only 




9 

0 

33 33 

„ (291) 

12,500 

5 

5 


Weak tonus 

„ (292) 

9,000 

5 

20 

12 

Good ,, 




18 


5 9 39 


10,000 

5 

20 


? V 




6 

2 

33 33 

„ (297) 

12,500 

5 

12 

0 

Good „ 

„ (298) 

12,000 

5 

4 

0 

Weak „ 


12,700 

5 

11 

0 

Good „ 

„ (299) 

12,000 

5 

46 

21 

Powerful bilateral tonus 




61 

26 . 

33 3) 33 




10 

0 

Weak tonus 

„ (803) 

10,000 

5 

30 

12 

Bilateral tonus 




28 

14 

33 33 




22 

8 

33 3 3 

„ (305) 

8,000 

5 

52 

14 

Powerful „ 




63 

33 

Bilateral „ 




23 

5 

Feeble „ 


10,000 

5 

59 

25 

Good ,, 




i-o 

1 

Yery feeble tonus 




31 

13 

Fair tonus 




68 

42 

Bilateral good tonus 




23 = 615 






26 




Special attention must be drawn to the fact that higher numbers than those give 
were sometimes obtained; however, these large deflections accompanied generi 
movements of the animal, due, m part, to the fact that it is extremely difficult i 
maintain a proper degree of anaesthesia If this is too slight, the stimulus causes 
general awakemng of the whole cerebral system. 

The question of bilaterality will be referred to in the next chapter It remains i 
institute a general comparison between the galvanometric effects observed in bot 
cord and nerve when the cortex and corona radiata are respectively excited Such 
. comparison will lead to a better understanding of the part played by the bulbo-spin: 
centres, though any complete inquiry into this difficult question must be postponed i 
Chapter XI., which treats directly of the matter. 

If we arrange the parts of the nervous system here dealt with ir» thpir nnn-f-rvrmn 
^=|^der^i^iey form the following series :— 
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3. Spinal cord (dorsal region). 

4 JBulbo-spmal centres. 

5 Nerve 

6 Muscular nerve-endings. 

The combinations of these parts involved m our experiments may be grouped as 
follows, and to each group is affixed the highest and lowest galvanometnc reading 
obtained m the case of the Cat.— 


Part stimulated 

Part observed 

G-alvanometric effects 

Highest 

Lowest 

Average 

1-3 

Cortex 

Dorsal cord 

510 

50 

193 

1-5 

33 

Sciatic nerve 

80 

2 

29 

2-3 

Corona radiata 

Dorsal cord 

175 

37 

102 

2-5 

>3 33 

Sciatic nerve 

68 

4 

26 


From these figures, which apply to the Cat only, it is very evident that the specific 
element distinguishing the cortex from the white fibres of the corona radiata leading 
away from it is the energetic discharge of its own structure, the corpuscles. .Bevertmg 
now to the question raised at the beginning of this section, it is plain that the 
average amount of the effect produced hy the corona radiata forms practically half, viz , 
102, that, viz , 193, evoked by the cortex, the remainder naturally corresponding with 
the clonic after-effect The levelling process effected by the block in the connection 
between the pyramidal fibres and the nerves through the corpuscles of the bulbo¬ 
spinal centres is so severe as apparently to reduce the increase due to the after-effect 
to too low an intensity Jio make itself felt in the galvanometer m any marked degree, 
for it will be seen in the above table that the figures for the sciatic nerve are 
practically equal. 

Beyond multiplication of experiments to check and control these observations, we 
did not see that further investigation in this direction would be so profitable as 
examining the relations and action of the bulbo-spinal centres when separated from 
the cervical region of the spinal cord (see Chapters YIII., IX., X, XI), smce the 
phenomena of conduction in fibres are far more easily studied than those m which 
corpuscular mechanisms aie involved. 
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CHAPTER VII —ON BILATERALITY OF REPRESENTATION IN THE CEREBRUM, AS 
EVIDENCED BY THE ELECTRICAL CHANGES IN THE SPINAL CORD AND 
MIXED NERVE 

The galvanometric method affords an excellent means of determining to what 
extent any bilateral movements obtained m the lower limbs on exciting the cortex are 
associated with impulses proceeding down both sides of the cord. 

It is obvious that a most impoitant question is involved in this inquiry, that, 
namely, of the share taken m the production of bilateral effects by the different parts 
of the nervous system When bilateral movements of the lower limbs are evoked by 
excitation of one cortex, it is conceivable (a) that in the portion of cortex excited, 
muscular movements on both sides are represented , ( b ) that the excitation has 
aroused the corresponding cortical areas m the opposite hemisphere, and thus 
produced the bilateral effect, (c) that the excitation has aroused the basal ganglia, 
cerebellum, &c , (d) that the descending impulses, although unilateral when they 
come mto relation with the spmal centres, are then brought into relation with both 
sides of the body. 

In order to investigate this, the first problem to solve is that referred to last under 
(d). This, the present method, and that only is capable of doing, since by it we can 
determine the characters of the actual descending impulses m the cord before they 
come into relation with the bulbo-spmal centres In this way we can ascertain to 
what extent the impulses which descend the cord fiom the bram already show a 
dual (bilateral) groupmg. 

We devoted a very large number of our cortical experiments to the further elucida¬ 
tion of this question, feeling that the great importance of any approach towards its 
solution, in consideration of its bearing upon the physiological characteristics of the 
cortical cells, was a sufficient j ustification. 

It is necessary, before stating our results, to give a short categorical account of the 
work already done in this subject, and this is the more desirable since we cannot find 
any such resume published. 

♦ Previous Work on the Subject, 

The question whether both or only the opposite of the two sides of the body are 
represented m one cortex cerebri on the efferent or motor side has been approached 
experimentally by relatively but few authors** As the results hitherto obtained do 

not by any means decide the important questions which offer themselves for solution, 

* 

Las also teen considered fully Horn the theoretical point of view by Broadbent 
m^nrnal, 1876, pp* 333, 401), this author believing that bilaterahty of representation 
comnusstires between the bulbo-spinal centres * 


if , The subject 
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it is impossible to tabulate the facts m the definite manner used for the historical 
retrospect of the graphic and other methods 

Moreover, since the interpretation of the results is completely dependent upon the 
methods of experiment m each case, it will be better to arrange the facts as follows — 

(1.) Excitation experiments on the cortex. 

(2) Excitation experiments combmed with division of commissures, i e, corpus 
callosum, &c 

(3 ) Excitation experiments combined with the excision of the opposite “ motor ” 
area' 

(4 ) Excitation experiments combmed with hemisection of the spinal cord or bulb 

(5.) Ablation of one hemisphere. 

(6 ) Ablation of the “motor” area of one hemisphere followed by ablation of that 
of the opposite side. 

(7 ) Excitation of the corpus callosum. 

(8.) Degeneration of fibres after excision of portions of the cortex cerebri 

We will now briefly state the more important facts determined by the above 
methods of experiment, postponing for the present any criticism 

1. Excitation Experiments on the Cortex 

It was first observed by Hitzig,* later by Ferrier,+ AlbertoniJ and Munk,§ and 
subsequently by Franck and Pitres,] | that powerful excitation of one hemisphere m 
the Carnivora produced movement not only of the corresponding or opposite side of 
the body, but also of the same side as that stimulated. 

Franck and Pitres || showed further that when the muscles of the same side were 
thrown mto action they contracted 01 second later than those of the opposite side, a 
most important observation 

Bubnoee and Heedenhain,^ Oakville and D beet, IT confirmed these facts 

Janicke** observed that while in dogs bilateral representation of the facial muscles 
was very constant, in the limbs on the contrary, unilaterality was the rule, but that 
to this there were exceptions His views were confirmed by TJnverricht 

LEWASCHEwtt noted that the movement on the opposite or corresponding side was 
a coordinated one (like a voluntary action), whereas that of the same side, besides 
being late, was only a simple tonus 

* ‘ Untersuchnngen Tiber das Gehirn,’ Berlin, 1874, pp 48, 134 

f * Functions of the Brain,’ 1st ed , 1874 

J ‘ Lo Spenmentale,’ 1876 

§ ‘ Gresammelte Abhandlungen,’ 1890 

|| { Compt Rend* Laboratoire,’ Marey, 1878, 1879. 

f Loc. cit 

** 1 Centralblatt fur klmische Medicin,’ March, 1883, p 177. 
tf Loc cit See p 346, infra. 
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Schafer and Horsley* * * § noted that bilateral representation of the facial muscles 
existed m various species of Monkey, but that the trunk and limb muscles were 
unilaterally represented. 

Schafer and MoTTf confirmed these observations 

Beevor and HorsleyJ further showed m more detail that in the Bonnet Monkey 
(Macacus simcus) the limbs were unilaterally represented, but that other groups of 
muscles, e g., the tongue, buccinator oris, &c., &c., were bilaterally represented m each 
hemisphere. They discuss this point also in another Paper on excitation of the 
internal capsule,§ and confirm the above statement relating to the trunk muscles ' 

Semon and Horsley|| have shown that in all animals the vocal cord movements are 
absolutely bilaterally represented m the excitable area of the cortex, this bilaterality 
was previously observed by Krause in the Dog, it has been contested by Masini. 

Brown-S^quardIF in one experiment on a Monkey found that excitation of the 
gyrus fornicatus produced movements of the same side of the body, whereas excitation 
of the paracentral lobule immediately above evoked movement of the opposite side. 

Asch and Neisser** * * §§ found from (but a few) experiments in Babbits that excitation 
of the cortex produced movement of the muscles on the same side, and, subsequently, 
those of the opposite side, whereas excitation of the corona radiata gave movement on 
the opposite side The narcosis m their experiments was incomplete. 

CouTytt occasionally also observed the same phenomenon exceptionally in Bodents, 
but only in the absence of narcosis. StefeahnyJJ observed occasionally bilaterality of 
movement in Babbits to follow excitation of one hemisphere. Braun §§ similarly 
noted bilaterality m the absence of narcosis. 


2. j Excitation Experiments on the Cortex combined with Division of Commissures, 

i.e, Corpus Callosum , &c. 

Exeter I observed that in the Babbit, after section of the commissures, and even 
after ablation of one hemisphere (see No. 5), bilateral movements (nature not detailed, 
possibly tonus, p. 189 of his paper), occurred. 


* ‘ Pkl Trans / B., 1888. 

+ 1 Brit Med. Jour/ 1890. 

t ‘ Phil Trans./ B, 1887,1888, 1890 

§ ‘ Plul. Trans./ B, 1890 
i| < Phil. Trans / B, 1890 

IT ‘ Compfces Rendus de la, Societe de Biologxe/ 1887, p 261 

** ‘ Archly fur d. ges. Physiologic/ yon Pflvgeb, 1887, p, 19L 

ft f Compt Rend,/ yoL 9% 1883, p. 506. 

Jf Eoehaed’s * Beitdbge,’ 1888, p. 97. 

§§ EokhabdA ‘Beiteage/ 1876, p, 127. 

Jf * Wien, Akad Srteber 1881, 3 Abth , p. 185, 
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Francois Franck and Pitres^ found that m the Dog, after division of the corpus 
callosum, the anterior and middle commissuies, or even the pons, “les reactions 
bdat^rales” persisted ( ? tonus only) 

GlikyI also found (see No. 4) bilaterality of movement after dividing all paits in 
the middle line to the mesencephalon, m the Fab bit. 

Horsley J showed that in the Dog after division of the corpus callosum and com¬ 
missures, as descubed by Franck and Pitres, although bilateral movements could 
be obtained upon excitation of one hemisphere, yet the movements were not the same 
m character on the two sides, the true cortical effect of tonus followed by clonus 
being only obtainable in the side opposite the excitation, whilst the effect on the same 
side was only a feeble tonus (vide also Lewaschew) and often absent 


3 Excitation Experiments on the Cortex combined with Excision of the Opposite 

“Motor” Area 

Franck and Pitres § observed m the Dog the bilateial movements to persist 
(2 tonus only on the same side) even after the opposite motor area had been lemoved 
(“ centres corticaux opposes au centie excite ”), and Exner|| also m the Babbit noted 
the occurrence of bilateral movements if one hemisphere were excited, even when the 
whole or major part of the opposite one had been excised 

HorsleyIF found the same m the Dog, but noted that while the limbs opposite (i e , 
corresponding) to the side excited developed the usual combmation of tonus followed by 
clonus, the limbs on the same side exhibited only tonus Further, that as m Nos 1 
and 2 the complete (tonic plus clonic) discharge from the cortex of one hemisphere 
could be obtained by adequate excitation without any bilateral movement whatever. 

He also found the same to be true when the excitable legion of one hemisphere 
was ablated and absinthe injected into a vein. In the resulting epileptic convulsion 
only tonus was noticeable m the limbs corresponding to the seat of ablation, whereas 
the typical tonus plus clonus was exceedingly marked m the limbs opposite the sound 
hemisphere. This diffeientiation was often very precise, i e , the tonus on the side of 
the sound cortex was very weak, even m the Cat 

In the Monkey the tonus mentioned was extremely slight, and possibly in Man is 
absent (Obre) under these circumstances. 


* Poe ait 

f Eckhard's ‘Beitrage,’ vol 7, p 179, 1876 
t ‘Brown Lectures and Reports 1 

§ See for full discussion Francois Franck ’ Fonctions Motnces du Cervean,’ 1887, p 59 
|| Loc cit 

* Brown Lectures ’ since 1885 , also, c Reports of tlie Brown Institution. 1 
MDCCCXCI — B. 2 Y 
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Semon and Hors le y* * * § observed that in all animals examined, i e , Rabbit, Oat, 
Dog, and Monkey, the bilateral movements of the vocal cords were still perfectly 
obtained on excitation of the one cortical representation after that of the opposite 
side had been removed 


4. Excitation Experiments on the Cortex combined with Hemisection of the Spinal 

Cord , &e (Eckhard’s Method) 

Franck and Pitres+ observed that in the Dog hemisection of the spinal cord on 
the same side as that of the hemisphere excited failed to abolish the bilateral move¬ 
ments in the limbs 

LewaschewJ followed the French authors by similar experiments in the Dog, from 
which he deduced the same idea, viz , that the bilaterality was accomplished by means 
of commissural fibres in the spinal cord 

Balighian§ observed that m the Rabbit the opposite, i.e., normally corresponding, 
movements were not abolished by hemisection of the bulb opposite the lower border 
of the pons and on the same side as that of the hemisphere excited, whence he con¬ 
cluded that the crossing of the excitable fibres begins to occut as high as the lower 
border of the pons 

Balighian also showed that m the Rabbit, excitation of one hemisphere failed 
to elicit movement m the opposite limbs if the corresponding part of the spinal cord 
had been divided 

Schiff|( found that in the Dog after section of the right crossed pyramidal tract 
excitation of the cortex with four Leclanch^ elements produced no result (whereas 
before the division this formed a maximal stimulus), and only with a current of 
fourteen elements were movements of both the hind limbs obtamed. 

GIlikyII showed by hemisection of the bulb that m the Rabbit the pyramidal tract 
crossed below the centre of the fourth ventricle, and that a tendency towards 
unilaterality of representation prevailed. 

Steeeahny,** applying this method m Rabbits, came to the following conclusions : 
that the path of the crossed impulses for the innervation of the extensors of the fore 
limb is in the uppermost part of the cervical cord, the anterior column, and lower 
down in the lateral column, and further that there are paths for 'bilateral movements, 
and that these he in close relation to those for the ordinary crossed effect. 

* Loo cit 

t hoc c%t 

X Pflugrr’s * Archly fur die gesammte Physiologic,’ vol. 26, 1885, p 279 

§ Eckhard’s * Beitrage,’ vol 7, 1875 
j| Pfluger’s ‘Archiy,’ vol 30, 1883, p 248 
f Eckhard’s c Beitrage,’ vol 7, 1876, p 186 

** Eckeard’s 1 Beitrage,’ vol 12,1888, p 43. 
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Schiff,'* by limited section of the parts of the cord, was the first to find that after 
division of the crossed pyramidal tract in Dogs, no movement of the leg on the same 
side as the lesion followed upon excitation of the opposite excitable area 

DuPUYt stated that in the Dog opposed hemisections of the cervical region of the 
cord when separated from each other by about 1—1 5 cm did not interfere with the 
production of movements in the lower hmbs on excitmg the cortex cerebii 

5 Ablation of one Hemisphere . 

To test localisation m principle Goltz| has m the Dog removed large proportions of 
the biain, and recently^ succeeded m completing the ablation of one hemisphere 

The animal under these circumstances could walk, run, and use the limbs m all 
automatic movements of feeding, &c , there being no obvious persistent hemiplegia as 
m Monkeys and Men. For many weeks, however, there is m the Carnivora marked 
hemiplegia of the opposite side to the lesion (all authors), and according to Hitzig 
the loss of the “ muscular sense ” is permanent in these animals. This fact, as well as 
the concomitant persistence of anaesthesia to moderate tactile impressions, is also 
confirmed by the observations of Schiff, and one of us (Y H ) 

Semox and Horsley || found that m all animals examined after removal of one 
hemisphere the <f automatic ” i e , respiratory, movements of the vocal cords were 
perfectly bilateral 

6 Ablation of the “ Motor 33 Area of one Hemisphere, followed by Ablation of that of 

the Opposite Side. 

Caeville and DuretIT mvestigated the matter by removing one so-called motor 
area, and observing the paresis caused thereby, noting that the paresis gradually dis¬ 
appeared as if by substitution on the part of the opposite sound hemisphere 
Removal of this latter, however, did not reproduce the paresis of the limbs on the 
same side 

7. Excitation and Degeneration of the Corpus Callosum 

The results of excitation of the corpus callosum by Schafer and Mott, ## as well 
as the degeneration observed by Sheerest GTONtf to follow localised ablation of portions 

* 1 Archiv f d ges Physiologie,’ vol 30, p 248 
•f* c Compt Rend Soc de Biol ’ 

J “ Vernchtnngen des Grosshirns ” Pjluger’s ‘Archiv,’ vol 34,1883, p 50 

§ Demonstration at the 1st Internat Physiol Congress, Basle, 1889 See also the fall account given 
by Langley and G-runbatjm, ‘ Journal of Physiology,’ vol 11, 1890. 

|| Loc cit 

«[[ * Archives de Physiologie ’ (Paris), 1875, p 446, &c 
** * British Medical Journal,’ 1890 , also ‘Brain,’ 1890 
•j-j- * Proceedings of the Physiological Society,’ 1889 

2 Y 2 
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of one coitex, suggest that the corpus callosum is a tiue comnnssuie between tlie 
excitable or “motor” areas 

Brown - Sequard 4 had previously shown that the corpus callosum was excitable 
about its middle third, and he consequently regaided its fibies as commissural between 
the hemispheres 


8 Degeneration of Fibres after Excision of Portions of the Cortex Cerebri 

The phenomenon of bilaterality of function has also been referred to the normal 
exeicise of those fibres which degenerate bilaterally (Pitres!) m the spinal coid after 
lesion of one hemisphere Although the degeneration method has established com¬ 
pletely the existence of such atrophy of channels m both lateral columns of the cord 
consequent upon a unilateral cerebral lesion, we do not, unfortunately, know whether 
these channels are " lecrossed,” as suggested by Sherrington, } Charcot, and others, 
or what is their destination, or whether they are to be regarded as of constant 
occurrence. As regards the latter point, it is certainly at present considered that 
they are not constantly affected by a cerebral lesion, and yet more raiely degenerate 
after a hemisection of the spinal cord. As yet, therefore, the method does not afford 
anatomical means of deciding the questions at issue. 

Belation oe the Foregoing Facts to our own Experiments 

In summarising the facts thus collated on this subject, it is difficult to avoid discus¬ 
sing the theoretical interpretations advanced by the authors quoted, but we do not 
think that anything is to be gained by such a procedure, and intend now to merely 
point out what conditions yet remain to be satisfied before anything like a full con¬ 
clusion can he arrived at 

All agree that m the intact nervous system a nerve impulse from one hemispheie 
may readily pass to the other, excite it, and thus bring about bilaterality of movement 
as a result. 

Nothing, however, can be judged as to such crossing to the other hemisphere being 
necessary for bilateral function until it is clearly defined in which part of the body 
such functional effects occur 

We must for this reason exclude altogether from the present discussion the 
facial movements, since these § (see p 344) are in great measure bilaterally repre- 

* { Com.pt Rend Soo de Biol / 1879, p 165, 1881, p 204. 

t ' Archives de Physiologie,’ 1884, p 142 

f < J > Jemma! of Physiology,’ 1885, p 177 See also summary by Tooth “ Gulsfconian Lectures on 
Degenerations of the Spinal Cord,” 1889. 
uko Unverricut 
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sented m the excitable cortical aieas of each hemisphere. The question, theiefore, 
narrows itself down to that as to whether the highest, i.e , purposive, movements of 
the limbs of both sides of the body aie represented m the cortex of one and the same 
hemisphere Theoretically, we are compelled to admit (following the teaching of 
Htjghlings Jackson) from the evolutionary standpoint such bilateral repi esentation 
of the limbs The important pomt for experiment to decide, however, is whether such 
bilateral cortical representation exists m more highly differentiated animals to a suffi¬ 
cient extent to cause movements The opinion of most authors is evidently that it 
does so exist We feel, however, very strongly that the methods hitheito adopted by 
these authors are not definitive, and do not establish the positions claimed We are led 
to this conclusion from the consideration of certain facts now to be discussed which have 
come under our notice in the present research, as well as of others previously dis¬ 
covered, the importance of which has of late become moie recognised. By welding 
the fresh information, which the use of our method has given, to the old, we hope to 
help forward the solution of this apparently simple but very complex subject 

(1 ) Narcosis —As is seen from the foregoing retrospect, some authois have employed 
narcosis to a greater or less degree The statement that a narcotised cortex could in 
any way “completely discharge” is always, of course, open to objection, and hence 
observations m animals narcotised to unconsciousness have been held by some to be 
incomplete The answer to this objection, however, is simple and, we believe, 
sufficient; it is included m that of the next paragraph, m which “ complete discharge” 
of the efferent apparatus of the cortex is seen to be effected even m unconsciousness 
Clinical experience of epilepsy also affords evidence of the truth of this contention. 

To look at the question from the opposite standpoint, although electrical excitation 
of the cortex is not in any way painful, still it is clear from observation of the 
influence of such stimuli in imperfect narcosis that the effect spreads rapidly from centre 
to centre, i.e, to the opposite hemisphere, &c, and hence renders any topographical 
conclusions impossible. 

The observations, therefore, which have been made m this way, though very 
valuable as throwing much light on synchronous excitation, eg, m epilepsy, &c, 
cannot, as yet, form a basis for the determination of the presence or absence of 
bilaterality of representation so far as the limbs are concerned. 

(2 ) An adequate stimulus which completely discharges the cortex at one given focus 
of representation of one limb produces movement m that limb only and none m the 
limb of the same side 

By the term “ adequate stimulus which completely discharges the cortex ” at one 
given spot, we mean an interrupted induction current of sufficient strength to evoke 
a strong movement in the limb represented (m the present research the leg), and to 
produce a slight excitation also (by overflow of nerve impulses) of the nearest lying 
centre or focus, which m our experiments was naturally that for the fore or upper 
limb If the strength of the stimulus and the condition of the cortex be accurately 
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gauged beforehand, so that the latter ]s not thrown into a hyperexcitable state, then 
the above mentioned phenomenon can invariably be obtained, and this not only in 
the Monkey but also m the Cat It might be objected that the cortex was not 
completely discharged, but we regard the overflow of the excitatory changes into the 
neighbouring foci as sufficient evidence of the required completeness. Moreover, the 
converse position, viz, the appearance of bilaterality tells the same (story see pp 
354 and 359), and thus forms the crucial argument 

If we are warranted, therefore, m our view that the cortex under these circumstances 
is completely discharged, the above described phenomenon negatives the practical 
existence of bilateral representation of the limb muscles m these animals 

(3.) When (“ bilateral ”) movements of both limbs follow excitation of one hemi¬ 
sphere after the excitable cortex of the opposite hemisphere has been thrown out of gear 
by ablation, division of the commissures, &c , &c , the movement of the limb on the side 
opposite to the cortex excited is the complete cortical effect of tonic folloiued by clonic 
contractions , whereas the movement of the limb on the same side as that of the cortex 
excited is only a tonic contraction 

If bilateral movements of both limbs receive their originating impulses directly 
from one cortex, it is not comprehensible why the above-mentioned striking difference 
in the kind of movement of the limbs should exist. This difference, specially insisted 
on by one of us,* has been also observed by several authors (Lewaschew, &c ), and 
it suggests that the movement noted on the same side as the excitation is of some 
origin other than the cortex (its corresponding cortical apparatus being destroyed, be 
it remembered), for a simple tonus lasting during the excitation is characteristic not 
only of the cortex but of the cerebellar or other lower centres. 

(4.) When bilateral movements of limbs are observed, those of the limb of the same 
side as the cortex excited are always later m commencement than those of the opposite 
side. (Franck and Pitres.) 

This delay in movement of the limb of the same side is attributed by most to loss 
of time in traversing basal commissures. There is no means of testing this view 
except by some arrangement m which the exclusion of the said commissures is 
provided. As far as the commissures m the cord are concerned, this might be achieved 
by ascertaining the time relations of such excitatory electrical changes as will pre¬ 
sently be shown to appear m each half of the longitudinally divided cord upon 
stimulation of the cortex., 


(5) All experiments on this subject have included in their anatomical plan the 
cerebellum, without excluding its functional influence . 

Jbx our own experiments about to be described, as well as thos© of the authors 
Already quoted, the cerebellum has been left in normal connection with the central 
'ifeluctees.excited. , . 

a * * , v j i 



the experiment of exciting one hemisphere after ablation of the 


V. H., loc cut. 
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other, it is clear that the association through the superior peduncle of the cerebellum, 
affords a means whereby the opposite lobe of that organ might be aroused, and so 
produce the tonic contractions of the limb on the side of excitation This view is 
suggested to us more especially by the teachings of Dr. Htjghlings Jackson, and it 
obviously must be excluded before a positive opinion can be expressed as to the 
bilateral representation of the limbs m the excitable cortex of one hemisphere 

From none of the foregoing researches can it be determined to what extent the 
bulbo-spmal centres are associated with bilateral movements, since m all experiments 
m which muscular contractions are taken as an index their functional activity is 
included. 

Having laid before the reader these general considerations by way of preface, we 
will proceed to describe our own experiments, as far as they suggest fresh evidence for 
or against the different views just enunciated. 

Experimental Besults in connection with Bilaterality 

The obvious elimination which the use of our method enables the experimenter to 
obtain is the removal of the influence of the bulbo-spmal centres. 

This elimination is effected by the division of the spinal cord m the dorsal region, 
and the observation of the electrical changes occurring in its central end when the 
lower limb area of the cortex cerebri is excited. It is, however, essential to divide the 
descending tracts in the cord into two halves This is done by splitting the cord 
longitudinally m its antero-posterior plane. The mode of operation employed has been 
described in Chapter III, Section 2, # and the preparation shown m Plates 31 and 33. 

* It might reasonably be conceived that this operative procedure would seriously impair the con¬ 
ducting power of the cord Although, as we point out m Chapter HI, the posterior columns suffer some¬ 
what, this is not the case with the lateral columns, the seat of the pyramidal tract to be investigated 
An example of this is to he seen m the following case, where the effects m the divided cord of exciting 
hut one he mis phere do not, when summed, fall far short of the effects obtained before the longitudinal 
section 

Cat (324) ' 

Whole Cord 
divided and 
connected to 
galvanometer 
at 13th dorsal 
vertebra 

Cord divided 
longitudinally 
and each half 
connected'with 
galvanometer 
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Ah regards the method of observation, the electrical changes m each half of the longitu¬ 
dinally divided cord were recorded by means of the galvanometer, since it was essential 
to obtain results which admitted of relatively strict comparison as to their amounts 
Each half of the cord was therefore attached to an independent pair of non-polaris- 
able electrodes, and an arrangement made by which either pair could at any desired 
moment be switched into connection with the wires leading to the galvanometer, &c. 

The result of this experimental investigation may be divided into groups, each one 
of which we must consider m detail 


X ,—Excitation of Cortex (whole Encephalon intact) —Electrical Changes m each 

half of Longitudinally Divided Cord. 

The cord having been divided, and split as just indicated, one cortical surface 
was exposed and the animal having been brought as far as possible into a peifectly 
steady, i e., constant state of narcotisation, the same strength of stimulus was then 
applied to the cortex, first one half of the cord being m connection with the galvano¬ 
meter, and then the opposite half (see fig. 8). The results obtained, i.e., from the 
opposite side of the spinal cord, and from the same side respectively, were then 
gatheied together and averages taken 

It will be best to begin with the results of special experiments. Of these, the 
first we will refer to were made upon an animal (Cat 237), m which, from the move¬ 
ments of the upper limb, it was very easy to ascertain when the muscular contractions 
were unilateral oi bilateral. It was seen that when the said contractions were strictly 
unilateral, the excitation of the hemisphere produced no result m the half of the cold 
on the same side, but a marked result in the half of the cord of the opposite side, viz , 
275 degrees of the scale. 

In this case complete umlaterality for the lower limb existed as far as the pyramidal 
tiacts in the cord were concerned, for the cortex was, as we have before indicated m 
the first of our considerations, completely discharged, the discharge being evidenced 
by the large effect in the corresponding half of the cord, yet no electrical change 
could be seen in the other half indicative of descending impulses 

In another experiment made upon a Monkey (215), both cortices were exposed for 
excitation In this animal, it was easy to confine the excitation apparently to one 
hemisphere, although, judging from the contractions of the muscles of the upper limb, 
the cortex excited was very completely discharged In this instance, the cord was 
divided as described between the 10th and 11th dorsal nerves, the resting electrical 
difference of the two halves was in the proportion of two to one, the smaller being 
the right 

' Bhf the convenience of brevity, we will speak of the halves of the cord as the “ right 
“Tdffc cord ” respectively. 

'<Sf' the left hemisphere gave, with the coil at 5000, an effect m the right 
the cord of 425 degrees* and then, the right cord still remaining in connection 
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with the galvanometer, the right hemisphere was stimulated, the result being an effect 
of only 22 degrees. This last result, m addition to being only a twentieth of that 
evoked by the corresponding cortex was probably due to discharge from the left hemi¬ 
sphere, for, after the cortex had been allowed to rest, this pair of observations was 


Eig 8 



repeated with the following striking results, viz, the right cord being observed, the 
left hemisphere was excited, with a resulting variation of 365 degrees. The same 
cord being still led off, the right hemisphere was excited, t.e , the hemisphere of the 
same side, and no effect was produced in the galvanometer. The same degree of 
narcotisation being maintained, and the same strength ot coil being employed as that 
mdcccxci.—b 2 z 
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just mentioned, viz., 5000, the left cord was then connected with the galvanometer , 
excitation of the light hemisphere (i e , that of the corresponding side) gave 375 degrees, 
and excitation of the left hemisphere (i.e , that of the same side) only gave 8 degiees 
This mode of pairing the observations is clearly one likely to give the most useful 
results, hut we also paired the observations m the following way, viz, by connecting 
first one side of the cord with the galvanometer and then the other, m each case 
stimulating the same hemisphere 

The foregoing two selected experiments illustrate the conditions which are observed 
with the hemispheres m a normal state. Before considering the further evidence 
afforded by massing our observations, we must draw attention to the greatest 
difficulty in connection with this branch of enquiry, and which prevents us from 
speaking so positively upon this point, when the results noted at the beginning of 
any experiment are added to those recorded at the end. We refer to the great 
tendency of the cortex to become hyperexcitable after one or two excitations, and, 
consequently, for the excitatory state to pass from one hemisphere across to the other. 

This is especially liable to occur when through repeated excitation the cortex has 
been thrown into a hyperexcitable state This is, m fact, the objection which may 
be urged against any conclusions derived from massing together results, many of 
which being repetitions involve previous excitation. The same objection can also be 
uiged with equal truth agamst the results of most of the observations of earlier 
experimenters ; but upon the question whether this objection accounts for the whole 
of the results to be immediately given, we have no means of expressing any decisive 
judgment. It is, however, easy to understand that a considerable proportion of the 
bilateral effect noted m the two halves of the cord when all the results are taken 
may he due to this circumstance. 

The average amount of the bilateral effect obtained m the two halves of the split 
cord when one hemisphere is directly excited is as follows :— 


L 

Oord. 

f 

Opposite half 

Same half 

# \ 

Oat—Average of 12 observations , , 

157 

33 

Monkey—Average of 31 observations „ 

'{ / 1 

L—,-- J? i * .., 

158 

32 


It will be seen that when all results are averaged together there is an effect on 
both sides of the cord, and that its amount in the half opposite to the excited cortex 
hopes PS great as that in the half which is on the same side 
plose-id^ntafiy of the figures m the two animals is remarkable, and not what 
a,ti<yns had led US to anticipate * 

however, tad* already shown by experiments with absinthe QOmbmed with 
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The method under consideration, with both cortices exposed hut intact, is not, 
however, favourable for testing bilaterahty, since we have often had occasion to 
observe the great inequality m the excitability of the two hemispheres, which appears 
to be to a large extent connected with the necessary exposure of one cortex before 
the other 

From the result of other experiments we are inclined to believe that the effects 
(average 32) observed m the half of the cord on the side of the cortical excitation is 
due to the passage of impulses which have descended from the cortex opposite to that 
directly stimulated, but several interpretations are, of course, possible. In this con¬ 
nection it must he remembered that we do not yet know whether a direct pyramidal 
tract exists m the Carnivora (most authors denying its presence), and, further, that 
possibly even the galvanometer may not show an excitatory disturbance if the fibres 
by which the hemisphere of one side might be in relation with the same side of the 
spinal cord were very few m number. 

II Excitation of Cortex —Effect m Cord after previous Hemisection 

The next step was to ascertain the effect of a previously performed hemisection of 
the cord between the encephalon and the observed region, the experiment being made 
with the view of eliminating any presumably crossed discharge from the cortex 
opposite to that excited 

The following experiment was made In a Cat (225) the right half of the cord was 
divided under antiseptic precautions at the level of the lower border of the 9th dorsal 
vertebra In this case there was well-marked motor paralysis m the right hind limb 
with rigidity, and diminution of perception of sensory stimulation of the same limb. 
The right knee jerk was exaggerated When partly etherised the right hind limb 
became flaccid and the left somewhat rigid, the knee jerk then on the right side was 
greatly exaggerated and marked clonus present These facts were noted just before 
the experiment now to be described. Eighty-four days later the cord was exposed 
and divided below the lesion, and the central end of the whole cord connected with 
the galvanometer electrodes. (See fig 9.) The two cortices were then exposed and 
excited with an intensity of stimulus indicated by coil 8000 for 5 seconds. 

The following definite results were obtained — 

In the first place excitation of each hemisphere evidently produced unilateral 
epileptic fits The effect in the descending (lower limb) fibres of the cord was as 
follows, it being remembered that the right half of the spinal cord had been divided. 
Excitation of the right cortex which produced unilateral fits on the left side of the 
body, gave a variation of 82 degrees m the galvanometer, whereas excitation of the 
left cortex, although it produced a good unilateral fit m the parts above the section, 
ue., right upper limb, gave nothing m the galvanometer, although the whole cord 

ablation of one hemisphere or excitable area m Cats, that apparently in that animal complete umbtefality 
of the true cortical discharge (i e , tonus plus clonus) existed 

2 z 2 
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was the seat of galvanometric observation. In tins way it was obvious that, when the 
excitation was so limited to one hemisphere as to produce only umlateial muscular 
movements, no impulses descended the fibres on the same side of the spinal cord 


Pig 9 



Note the hemiseotion of the cord on the right side at the level of the 9th dorsal vertebra. 

, - 1 

and all impulses passed down the side opposite to that of the hemisphere 



is exclusion was eorrect was confirmed by observing that even when on 
experiment a. bilateral fit was obtained from stimulating either cortex, 
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whilst the cord effect evoked by the right cortex was increased to 134 scale, an effect 
was also evoked by excitation of the left cortex, though it amounted to only 15 scale 
The cord was next divided longitudinally and the electrical change observed on 
the two sides with the following result, it being remembered that the right half of the 
cord had been intenupted by the pievious hemisection 



Excitation 

Left half 

Right half 

Left coitex 

6000, 5 secs 

trace 

trace 

Right , 

33 33 

50 


Left ,, 

6500, 

| 

trace i 

tiace 

Right „ 

33 3 

215 1 


Left „ 

8000, „ 

5, 6, 20 


Right „ 

)} 3 

150 



It is clear from this that m the half of the cord (left) which offeied an 
uninterrupted channel, the excitation of the cortex of the opposite side evoked large 
results, whilst the excitation of the cortex of the same side side evoked no results 
until a considerable intensity of stimulus was used and a bilateral fit produced. On 
microscopical investigation the lesion in the cord showed that the whole of the right 
half of the cord was destroyed, and the anterior third of the left posterior column, and 
the left posterior median. The descending degeneration, therefore, affected the right 
pyramidal tract m the lateral column only. The ascending degeneration affected both 
postero-median columns and the right cerebellar and antero-lateral tracts. 

It should be mentioned that Scheff’s observations on hemisections made just 
before excitation of the cortex show that the same relationships prevail as regards 
muscular movements. 

Ill Excitation of Corona Radiata —Electncal effect observed in each Half of Split 

Cord 

The general electrical phenomena observed after excitation of the corona radiata, 
and especially as contrasted with those elicited by excitmg the cortex are described 
m Chapter YI, but m attempting to still further elucidate the subject of bilaterality 
we arranged a third variety of experiment, originally designed for the graphic method 
by Franck and Pitres and others, viz., the investigation of the bilateral phenomenon 
noted after excision of the cortex, and consequent upon excitation of the subjacent 
corona radiata. 

We have considered, on p. 338, the errors it involves, and have always endeavoured 
to minimise them as far as possible just as in the case of the cortex. Although 
the results are thus of necessity only to be accepted with reservations on the 
pomts already mentioned, which we must again briefly notice, nevertheless they do 
afford some very suggestive deductions. 
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We will first give tlie results obtained m the longitudinally divided cord by excita¬ 
tion of one corona radiata 

In this series of experiments we connected either half of the longitudinally divided 
coid with the galvanometer as m the coitex experiments previously described 

We have not yet seen any absolutely unilateral effect, as in the case of stimulation 
of the cortex. Very often the effect in the same side of the cord was extremely 
small (once only a trace), e g , 4°, 6°, 8°, &c, but it was always present On massing 
the results together, i e , adding the observations m the Monkey to those m the Cat, 
we obtained the following proportionate averages :— 

Half of cord on same side as excitation of corona—14° mean of 12 observations. 

Half of cord opposite or corresponding to the corona excited—50° mean of 13 
observations 

The proportion, therefore, is 7 to 2, whereas the cortex proportion is almost 5 to 1, 
and often purely unilateral. Consequently it appears that bilateral phenomena are 
more easily elicited by exciting the corona radiata than the cortex cerebri, provided 
the same care is employed to avoid as far as possible in both cases errors due to 
spread, &e 

The explanation of this is not far to seek, and, if correct, throws more light on 
bilaterality It simply consists in the obvious fact that removal of the cortex lays 
bare a crowd of association fibres, the excitability of which is heightened by the 
section removing the cortex, and that it is the spread of the excitatory effect along 
these fibres to other central mechanisms m the encephalon, i.e «, opposite cortex, cere¬ 
bellum, &c., which produces the bilateral phenomenon. It is thus extremely likely 
that bilateral tonus should occur after stimulation of but one corona radiata. 

In accordance with what we have said before respecting the influence of ether, this 
reagent afforded an opportunity of testing the truth of the foregoing views, since the 
influence of bilateral central mechanisms could be by this means m part excluded, and 
it could therefore be seen whether or no there was a corresponding modification m the 
bilateral character of the effect. 

We found that deeper etherisation invariably tended to restore in a great measure 
the inequality between the two cord effects, the difference between the two being 
much greater in proportion as the degree of anaesthesia increased This again seems 
to indicate that any markedly bilateral effect is due to an additional functional 
activity in the cortex on the opposite side to the excited corona 

ti Excitation of Corona Radiata.—Effect m Cord with 'previous Hemisection . 

Was * ecessaj ? re P e &t the design of the graphic experiments as employed 

ScffiGEFiB, Lewasckew, and others, using, however, our present electrical 
‘ observing how far a hemisection of the cord between the 



ON THE MAMMALIAN NERYOUS SYSTEM 


359 


encephalon and the part observed interrupted the propagation of impulses from 
the corresponding corona fibres. 

The hemisection was made m the case (Cat 225) before referred to, p 356, two 
months beforehand, at the 9th dorsal vertebra For the observation the cord was 
exposed, divided, and split longitudinally at the level of the 1st lumbar vertebra 
Both coronse radiatse were then exposed and excited alternately, the effects evoked 
being given below. 



Coid 

Excitation 

G-alyanometnc effects 

P 

Left half 

. 

Right half. 

Right Corona, 12,000, 3 seconds 

30 

0 

Left ,, ,, ,, 

Trace 

0 

Right „ 13,000, „ 

51 


Left ,, ,, ,, 

4 



In this case it is evident that the effect was almost completely unilateral. 

In another case in which the hemisection was made at the time, there was no com¬ 
plete unilateral effect, but excitation of both coronas elicited changes, the corresponding 
corona evoking an effect which was twice as large as that produced by stimulation of 
the one on the opposite side to the lesion By means of etherisation the proportion 
was' increased to 3 to 1, but smce the alterations m excitability, due to the lesion 
bemg performed at the time, were disturbmg factors, the influence of which could not 
be gauged, the experiment was not pursued further It may be fairly concluded, 
however, that the more perfect the elimination of such complications, the more 
complete is the umlaterality of representation. 


V Excitation of Corona Radiata after Complete Removal of one Hemisphere — 

Effect m each Half of Divided Cord. 

In order to endeavour to ascertain whether the bilateral effect was in relation, not 
merely with the discharge of poitions of the cortex of the hemisphere opposite to that 
of the excited corona, but also in relation with the basal ganglia and the cerebellum, 
we have m one animal (Cat 309) observed the influence of complete removal of one 
cerebral hemisphere 

The cord was, m this case, split longitudinally, and both coronas exposed for 
alternate excitation, the results of several observations being given below. 
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Excitation of one coiona 

Effect m opposite 
half of cord 

Effect m same 
half 

Right, 8000, 5 seconds 

160 

20 

O ? * 

61 

8 

3? 15 55 

52 

20 

53 3? 53 

Left j, ,, 

54 

34 


54 

11 

33 3) 33 

3) 33 3 1 

50 

! 

25 


6 = 431 

6 = 118 

Aveiage 

72 

20 


The left cerebral hemisphere was now removed, and the effect of excitation of the 
right corona observed in each half of the cord 



Opposite side. 

Same side 

Right corona 

100 

27 

75 

30 


2 — 175 

2 = 57 

Average 

i 

87 

28 


The result is to show that the bilaterality continues, and apparently to the same 
extent as before. 

The experiment is one which needs careful repetition, and special precautions to 
prevent errors. 


VI. Excitation of Cortex and Corona Radiata.—Effect in Sciatic Nerves. 


It has been already stated (Chapter V, Section 2, p 332) that the excitation of the 
cortex evokes electrical .effects in the sciatic nerves, and, further (Chapter VI, 
Section 2, p. 339), that similar effects are evoked by excitation of the corona radiata 
4- comparison between the.amounts evoked m the nerves by excitation of one cortex, 
oar by observation of the changes in one nerve consequent upon alternate excitation of 
each hemisphere, throws additional light upon the question of bdaterality of repre- 
the hmbs mow undey discussion. It will be in the remembrance of the 

derived from oortical ©xcitetion rem^trk^bly small m 
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amount, in consequence of this, the comparison necessanly becomes less exact when 
the method of averages is used. 

The following table gives this comparison m the case of six animals, four Cats and 
two Monkeys In three cases, (a), (b), (c), the effect was observed m one nerve and 
each cortex alternately excited, m the lemainmg three cases, (cl), (e), (f), the 
observations were made upon each nerve, one cortex only being exposed and 
stimulated 



Intensity of 

Effect m nerve 

Effect m nerve 


stimulation 

of opposite side 

. 

of same side 

( a ) Cat (296) 

11,000 

5 

0 



9 

0 



12 

0 



20 

0 

( b ) Cat (290) 

12,000 

18 

2 



10 

0 



22 

0 

(c) Cat (298) 

12,500 

28 

0 

(d) Cat (299) 

12,000 

12 

10 



20 

0 



10 

1 0 

( e ) Monkey (54) 

5,000 

10 

1 5 



18 

1 

(/) Monkey (217) 

5,000 

! 18 

0 

18 



16 

! 

5 



1 262 

i 

41 

Average 


I 16 

I 35 


From this table it is seen that, m the large majority of cases, unilaterality strictly 
prevailed The small average amount of the bilateral effects, dependent, moreover, 
as it is upon a very few high readings, suggests that these results are due to that 
constant source of error m experiments upon bilaterahty of representation, viz, 
hyperexcitability m other parts of the encephalon, produced by the operative 
procedure 

Examination of our records shows that when one corona is excited, and first one 
nerve and then the other connected with the galvanometer, the following average 
results were obtained — 

Corona radiata excited. 

Average of all effects Nerve opposite side 26 (23 observations). 

Nerve same side 11 (20 observations) 

This average, however, is the result of all the observations made, some of them 
being markedly bilateral in character There are, however, no less than six cases 
m which no effect at all was observed on the same side as the excited corona, 
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and four cases m winch the effect was under 10, and averaged only 4. It is, there¬ 
fore, only by including cases of bilateral effects produced by powerful tonic discharges 
that the above total average is so comparatively high 

If, therefore, these higher figures were separated fiom the Table, we should find that 
the average effect on the seme side would be not more than one-sixth of that on the 
opposite side, whilst, with evident and powerful bilateral discharges, the former effect 
amounts to one-half of the latter 


Summary of Facts 

The facts biought forward m the preceding pages seem to show that it is possible 
to obtain completely unilateral effects in both spinal cord and nerve when one 
cerebral hemisphere is excited, but that an increase m the intensity of the stimulus, 
and a diminution m the degree of naicosis, favour the production of bilateral effects— 
the inequality between the crossed and uncrossed effect becoming less and less marked 
m propoition as these favouring circumstances are augmented. 

The conclusion to which the previous observations seemed to tend, that m one 
cortex bilateral representation of the limbs exists, does not seem to be suppoited by 
the present experiments, since such bilateral effects as may be witnessed are specially 
brought out by agencies which may be supposed to bring into play other portions of 
the central nervous system, particularly the opposite excitable cortex, the cerebellum, 
and basal structures. We feel, however, that without definitely proving this, oui 
experiments have the result of making the question of bilateral representation in 
one cortex an open one, at least for the Carnivora 

To this position all we wish to add is our view that the weight of evidence goes to 
show that, where the excitation is properly limited to the cortico-pyramidal system, 
umlaterahty of representation of the lower limb muscles appears to exist. 

How far this is correct only further researches by the electrical method will, we 
believe, be successful in showing, and we hope that others will forward the investiga¬ 
tion of this point 
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CHAPTER Yin— ON THE ELECTRICAL EFFECTS EYOKED IN THE SPINAL CORD BY 
THE EXCITATION OF THE YARIOTJS PARTS OF THE SAME 


Sectu in 
Section 
Section 
Section 
Section 

Section 

Section 

Section 

Section 

Section 


1 —IntiocLuctory 

2 —Propagation of Impulses by the fibres of the Coid 

3 —Greneial characters of electrical effects m the Cord following its excitation 

4 —Excitatory electrical effects m the Cord, as evidenced by the Electrometer 

5 —Electneal effects evoked by localised stimulation of the Spinal Cord, plan of 

experiments 

6 —Electrical effects in the Lumbar Cord, following excitation of the Doisal Cord 

7 —Electrical effects m the Dorsal Cord, following excitation of the Lumbar Cord 

8 —Electrical effects in each half of the divided Cord 

9 —Influence upon electrical effects m the Cord of intervening sections of the various 

columns. 

10 —Summary of results of experiments 


Section 1 —Introductory 

The electrical changes produced in the cord by excitation of the cortex, and of the 
fibres of the corona radiata, whilst due to the passage of nerve impulses along 
tracts in the spinal cord, derive then interest from the further knowledge which they 
give us with reference to the functions of the excited parts m the encephalon from 
which those impulses spring 

It is otherwise with the material of this and the succeeding chapters, since 
the electrical changes, now to be described, are evoked by the excitation either of the 
different parts of the cord itself, or its nerves The method of determining the 
characters of the functional activity of neive tissue, by the study of those electneal 
effects which undoubtedly accompany and mdicate the extent of that activity, is thus 
to be now applied solely with relation to the cord. 

Smce the functions of the cord are naturally divisible into those connected 
especially with its fibres—conductivity—and those connected especially with the 
activity of its cells, of which reflex action is the example, the present method was 
applied m any given experiment with special reference to the elucidation of one of 
these two branches of enquiry, it bemg always borne m mind that, as a matter of 
fact, the two groups of function overlap. 

The question of the localisation of paths, in the fibres of the cord alone, has at 
present been only approached m reality by the method of histological experiment, 
including the embryological and degeneration methods, since previous physiological 
observation, relying on movement as an index, has always included the whole of the 
neuro-muscular mechanism 

The sole method for obtaining actual indications of the conduction of physiological 
processes in the fibres of the cord, is that of determining the presence m them of 
excitatory electneal changes We have, therefore, carried out a very large number of 

3 a 2 
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experiments upon the spinal cord under very different conditions, with, the express 
purpose before us of obtaining data which should give clear evidence, of the conduc¬ 
tion of neive impulses in its fibies and centres respectively The results furnished by 
our experiments may be split up into the following groups — 

A The experimental evidence of definite localisation of the channels of conduction 
of nerve impulses afforded by electrical changes m the cord, when evoked by stimula¬ 
tion of its different parts, whether distal or proximal 

B The evidence of the localisation in the cord of fibres which enter it by the roots 
afforded by electrical changes m the cord when evoked by stimulation of its nerves 
C, The evidence of the relations of the spinal cord to the nerves afforded by 
electrical changes m the nerves, when evoked by stimulation of separate parts of 
the cord 

D The experiments elucidating the complicated group of phenomena in relation 
with the reflex activity and function of the spinal nerve cells. This may be expressed 
as follows — 

The evidence afforded by the electrical changes, in both cord and nerve, of the 
nature of the role of the nerve corpuscles in the cord 

To obtain a sufficient mass of evidence, to establish even a few conclusions in these 
four subjects, a large number of experiments have been carried out, constituting by 
far the larger share of the work we have done since our preliminary communication in 
the Proceedings of the Eoyal Society/ in 1888 

The groups of data just indicated, in which these results are expressed, will be 
treated of m the succeeding four consecutive chapters, group A. in the present 
Chapter VIII, B m Chapter IX., C in Chapter X., and D. m Chapter XI, this 
being the order which seems to us at once the most natural and the most likely to 
present the conclusions in a logical and thus intelligible manner. 

We therefore now pass to the consideration of the experiments, confining ourselves 
in this chapter to the electrical changes evoked in the spinal cord by stimulation of 
its different parts, and these only. 

It is, however, first necessary to say a few words on the general question of 
conduction m the nerve fibres of the cord 


Section 2 —Propagation op Impulses by the Fibres oe the Cord. 


It has been maintained that the nerve fibres of the spinal cord do not respond to 
direct stimulation, in the same way that the fibres m a mixed nerve do,* and that it 
is the cellular elements alone which respond to excitation, the resultant nerve impulses 
being therefore, according to this view, indirect. The experiments to be detailed in 
succeeding chapters will give convincing proof, if that is necessary, of the 

^fet Jt f 
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erroneous character of this view The nerve fibres m the cord respond to direct exci¬ 
tation, like those m the neive loots and nerve trunk , that is to say, nerve impulses, 
with their accompanying electrical effects, are propagated in both directions along 
any continuous nerve fibres which may exist m the excited area, but, m addition, 
complications are mtioduced by the connection of a large number of the fibres with 
nerve cells, this connection causing now a possible decrease in the total electrical 
effects, presumably by the blocking of the path and the falling out of certain 
impulses, now an increase, presumably by the awakemng of cells which lie in the path, 
and the accession of fresh impulses generated m these structures. 

We will first state m general teims upon what facts rests our present knowledge 
of the mode of propagation of nerve impulses, from an excited area of the cord along 
continuous paths to a distant unexcited area 

[a ) It has been already pointed out m the historical introduction that the 
methods of histological investigation, particularly those associated with the presence 
of developmental and degenerative changes, have unravelled from the skem of nerve 
fibres m the cord certain tracts, and grouped them into columns of a continuous 
character m the lateral and posterior legions respectively. The hmits of our 
knowledge have already been alluded to, but the inadequate character of the method 
is shown by the large number of fibres which are displayed m each transverse section 
of the cord, and the comparatively small number as to which a continuous connection 
with other parts of the cord has been demonstrated 

(b ) When we turn to the results of physiological experiments, the only method 
which has furnished satisfactory indications of direct physiological continuity in a 
tract of nerve fibres is that employed by Woroschiloff, Schiff, and others, of 
exciting the peripheral end of the cut cord below the medulla and observing the 
muscular movements of the lower limbs, m one case with the lower part of the cord 
intact, m another with a section of some structurally known column. In this way 
it has been shown that a group of fibres in the lateral column forms a path of such 
direct continuity between the seat of excitation in the cervical region and the lumbar 
cord that its section interrupts the passage of the descending nerve impulses gene¬ 
rated m the former region, and it is therefore inferred that this path is, physiologically 
speaking, directly continuous 

(c ) Another method of determining the character of propagation in the spinal paths 
is the classical method employed by Helmholtz m the case of the nerve trunks, that 
is, the measurement of the transmission time. This, in the case of the fibres m the 
nerve trunk (Frog, Ttabbit), is generally held to be about 33 metres per second, 
though m Man the conduction along sensory fibres is stated to be twice as fasti, 
The experimental determination of this latter is, however, complicated by the 
methods used, which include the measurement of the individual reaction time, and 
introduce, therefore, additional uncertain factors which blur the clearness of the 
results. 
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Similar attempts have been made to determine the rate of conduction of nerve 
impulses m the spinal cord, both centrifugal and centripetal m character Most of 
the expeiiments have been made upon Man by measuring the reaction time, and are 
therefore moie or less untiustworthy owing to the conditions just mentioned Exnei# 
obtained thus a mean result foi centufugal impulses of 11 to 12 metres m 1 second, 
for centripetal impulses of 8 metres On the other hand, von Wittich,! by the use 
of a similar method, had previously obtained a rate of 26 metres for the centrifugal 
impulses We have been unable to find any description of observations upon the Cat 
with regard to conduction, though such might easily be carried out by the use of the 
graphic method, and since it was important for us to know the behaviour of the 
fibres m the cord m this respect, we devoted a few preliminary experiments to the 
determination of conduction time only 

These experiments may be briefly described as follows: — 

The cord was exposed in the anaesthetised animal in the lower cervical and lower 
dorsal regions respectively; the rectus femoris muscle was then selected for graphic 
lecord. The advantages offered by this muscle are— 

(1 ) Its anatomical relation with the pelvis, enabling the leg and trank to be fixed, 
and the muscle brought out at right angles to the body. 

(2 ) The ease with which it could be separated from the surrounding parts 

(3.) Its own structure—that of a long thin muscle, with parallel fibres 

The lower tendon of the muscle was divided and ligatured ; the ligature was then 
attached by means of a pulley to the lever of Tigerstedt’s break key,J so adjusted 
that the smallest contraction of the muscle was sufficient to raise the lever, and thus 
break an electrical contact This contact formed part of an mdependent circuit, 
including one of Smith’s new chronographs § and three storage cells , it was ascertained 
that the movements of the chronograph armature occurred within 3/10000 second of 
the break of the circuit. 

The movement of the chronograph lever recorded upon the travelling glass plate of a 
spring myograph (Federmyogra/phion), the rate of movement being 25 cen tim s m 
1/100 Sec. The lateral column of the exposed cord was excited by a single 
induction shock, which was obtained by allowing the traveller to break, at a given 
point of its course, the primary circuit of a Kronecker’s mductonum As the 
moment of break was always the same, the break induction shock obtained was 
uniform in all cases, both as to intensity and time of occurrence, the position of the 
secondary coil was 2000. 

The following measurements were obtained of the duration of the period between 

* Exner, PflugeAs ‘ Arelnv,’ 1873, vol 7, p 632 
t V Wittioh, c Arehiv f. Pathol Anat/ 1869, vol, 46, p 476 
t Loc cit 
§ Loo. ext 
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excitation and commencement of muscular response, when the former occur ted at the 
level of the 5th cervical and 2nd lumbar nerves lespeetively — 


Cat (163) 


Excitation at 

5th cervical 

Excitation at 

2nd ltunbai 

DrSeience 

0217 

0170 

0047 

0210 

*0170 

0040 

0217 

0172 

0045 

0241 

0200 

0041 

Average 0221 

0178 

0043 


The distance between the 5th cervical and the 2nd lumbai was found to be 
17 centims , and since the average difference of time between the muscular response 
evoked by the excitation at the two regions is 0043, this difference indicates that the 
cord delay is such as would be caused if the nerve impulses starting fiom the cervical 
region travelled along the cord at 39-| metres per second. This experiment, therefoie, 
seems to show that the time occupied by the conduction of neive impulses m the 
Mammalian cord closely resembles that occupied by their conduction m nerve tiunks; 
and it confirms the view that there is an efferent path m the cord leading from the 
cervical to the lumbar region in which a physiological continuity exists similar to that 
which forms the basis of nerve conduction m the fibres of mixed nerve tiunks 

It will be noticed that the more exact physiological methods just referred to rely upon 
the observation of muscular movements. This involves senous disadvantages, since, 
m the first place, the method is thereby limited to the efferent fibres, and thus the 
physiological scope of any mquny is narrowed; whilst, m the second place, the struc¬ 
tural connections between the efferent fibres in the cord and the antenor roots of the 
nerves is to a great extent unknown, and certainly involves cellular elements, thus 
introducing new physiological conditions. 

There is, as it seems to us, only one line of experimental enquiry which is fiee fiom 
these objections—that, namely, of ascertaining the existence of the nerve impulses m 
the fibres of the spinal cord itself, through careful quantitative observations of the 
electrical effects by which they are accompanied. 

The present chapter will be devoted to the consideration in detail of the results of 
such observations m the dorsal and lumbar regions of the coid respectively. The 
novelty of the method, and the important bearing which the results have upon the 
physiology of the cord, we trust will warrant this extended treatment. 
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Section 3 —General Character of the Electrical Effects in the Cord 

The earliest experiments we made upon the cord showed that pronounced electrical 
changes always occuried in any portion of the lower doisal and lumbar legions when 
some other portion m continuity was excited electrically The simplest method of 

Fig 10 



i r 


Adult o 





excitation was that of inserting needles into the cord, the needles being connected 
with wires attached to the secondary circuit of the mductorium. It is obvious that if 
Her excitation was carried out upon the cord whilst still m connection with the 
-any resultant effects in the former would be the sum of the direct excitatory 
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changes and those indirectly produced by the reflex discharge of the cortex, as 
described m the preceding chapters To avoid this and to obtain uncomplicated 
effects the cord was always severed from its connection with the highei centres. 

The plan followed m the experiment was, therefore, as follows two situations 
were selected, m almost all cases about the level of the 8th dorsal and 2nd to 
3rd lumbar vertebise, the cord was then first exposed foi a short distance at the 
upper one and divided It was then carefully exposed m the lower region and 
divided again, the upper division being made first in order to dimmish, by cutting 
off all connection with the highei centres, the shock which subsequent operations 
necessarily involved. The portion of cord (see fig 10), included between the upper 
or 8th doisal section and the lower or 2nd lumbar one, formed thus an isolated 
fragment, and since it was upon this portion that the experiments to he detailed 
were earned out, this fragment may be termed the “ experimental region ” of the 
cord A portion of this experimental region was always prepared for observation at 
either its dorsal or lumbar end, the preparation consisting in. the exposure of from 
4 to 5 centims of the cord m immediate connection with the cross section and the 
division of all root and other attachments The cut end of the portion was then 
ligatured, and the prepared part raised from the canal and suspended m air, care 
being taken to avoid all undue pull upon the structure As previously described, 
(see Plate 29) the trunk was immovably fixed by holding the vertebrae in. the ivoiy 
jaws of a clamp, which was rigidly attached to a metal rod fixed into the experi¬ 
mental table 

The ligatured end of the cord thus freed was attached by the before-mentioned 
cables of thread soaked m 6 per cent NaCl solution and plastered with kaolin, to the 
galvanometric non-polansable electrodes, one cable being tied round the ligatuied end 
and cross section, the other round the longitudinal surface about 1 centim. distant 

The usual resting difference between the surface and cross section was found to 
be present m all cases, and was always kept carefully compensated, its charactenstics 
have been fully gone into m Chapter IV., and it will therefore not be further alluded 
to here. 

If the other exposed end of the experimental tract were now r excited, either by 
thrusting through it a pair of needle electrodes, or by placing upon the cut end the 
points of a pair of ordinary platinum electrodes, an excitatory electrical effect was 
seen m the portion connected with the galvanometric electrodes This effect is 
always of such a character as to he opposed to the resting difference ; it is suddenly 
developed with the commencement of the stimulation, and subsides on its cessation, 
bemg followed by the rise in the resting difference which is described in Chapter IV 
It is evidenced both m the galvanometer and the capillary electrometer, the amount 
of deflection of the needle and of movement of the mercury being dependent upon 
(1) the nature, intensity, and number of the successive stimuli, (2) the condition of 
the animal 
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(1 ) Relation of the Effect to the Stimulus 
A Nature of Stimulus. 

(a) Single Induction Shock —The effect can be evoked by a single stimulus, but m 
that case gives only slight deflections m the galvanometer, but appreciable movements 
m the electrometer. Thus, in one experiment (Cat 122) m which the doisal end of 
the experimental tiact was connected with the non-polarisable electrodes and the 
lumbar end with needle electrodes, on excitation by a single break induction shock 
the electrometer showed a sudden transient movement of the mercurial meniscus of 
considerable size, seven divisions of the eyepiece scale, with the single make shock, 
a movement of five divisions was observed, both movements being opposed m direc¬ 
tion to that produced by the resting difference. 

(h ) Repeated Induction Shocks .—When the cord is excited by a rapid succession of 
equal and alternately directed induction shocks, more pronounced electrical changes 
are produced m the cord; the amount of the galvanometnc change becomes very 
appreciable, amountmg m some cases to two or three hundred scale, the amount of 
the effect m both the galvanometer and the electrometer varying with the intensity 
and direction, of the successive stimuli. The best general idea of this effect is 
obtained with the latter instrument The mercmj 7 - is seen to ieap at the moment of 
excitation in a direction opposed to that of the movement previously due to the 
uncompensated resting difference, this sudden change of level amountmg to from 10 
to 15 divisions of the eyepiece, it then slowly contmues to use until the successive 
stimuli cease, when a rapid subsidence to rather below its original level occuis 

(c.) Mechanical Stimulus —If with one end of the experimental tract in connection 
with the electrodes the other end receive a sudden mechanical stimulus, an electrical 
effect is evidenced in both galvanometer and electrometer. The most effective 
mechanical stimulus is that of sudden complete division or squeezing of the end of the 
cord; for this purpose ivory scissors were first used, but we afterwards found that if 
insulating precautions were taken, sharp metal scissors could be employed with moie 
advantage, since the keenness of the blades ensured a clean cut and avoided the 
dangers due to dragging on the cord Such a division produces a small deflection of 
20 to 80 scale m the galvanometer, and a pronounced movement of from 5 to 7 (eye¬ 
piece divisions) of the mercurial meniscus 

After injection of strychnia, the slightest mechanical irritation of the cord or 
sensory impression evokes marked electrical effects in the galvanometer and electro¬ 
meter. 

B. Intensity cmd Number of Stimuli. 

if 

t> ein g eg™ 11 . ^ cord electrical effect varies directly with the intensity 
■ number- of the successive stimuli, a limit being reached m this lespect, the change 
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being conditioned m the same general way as is the well-known electrical effect in the 
excited Fiog's nerve. 

As far as the galvanometer is concerned, since the falling time of our instrument 
was 10 seconds, the effect for successive stimuli kept up for less than 10 seconds must 
be obviously directly proportional to the time, hence, m all exact experiments involv¬ 
ing this instrument, it was essential that the duration of the period of stimulation 
and the number, therefore, of the successive stimuli used should be the same This 
was effected by the revolvmg paraffin key described m Chapter III, which ensured 
a strictly uniform period 


(2 ) Condition of the Animal 

A Anwsthesia. 

The character of the effect m the cord, unlike that in the nerve, is varied not only by 
the mtensity of the stimulus, but also by the introduction of changes in the condition 
of the anima] These are connected with the awakening of the central cellular 
elements of the cord through the mtensity of the stimulation used The condition 
of the ammal largely affects the limit of intensity at which any stimulus becomes 
adequate to arouse these corpuscular elements Thus if profoundly anaesthetised a 
strong stimulus is necessary, but if the narcosis be but slight, a weak stimulus may 
evoke the result. 

Although the subject of anaesthesia has been already referred to m Chapter III., 
it has such an important bearing on the present results that it must be reintro¬ 
duced at this juncture. Our experiments abound with instances of the following 
character . m a Cat (371) the lower (lumbar) end of the experimental tract was 
connected with the galvanometer, and the lateral region of the cord m the upper 
dorsal section was excited with a series of 500 successive equal and opposite induction 
shocks (100 a second for 5 seconds) The galvanometnc effect obtained was a 
deflection of 230 scale, the anaesthesia though complete as regards consciousness 
being of a comparatively slight character The ether was now pushed and the 
anaesthesia made more profound, abolishing reflex movements, when the effect of a 
precisely similar excitation was indicated by 142 

In another animal (Cat 375) electrical effects similarly produced m a state of 
profound and slight anaesthesia show, when compared, the same differences, both with 
minimal and maximal intensities of stimulus 


3 B 2 
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Profound anaesthesia 

Slight anaesthesia 

Cat (375) 

60 galvanometric scale degrees 


(Stimulus 500 minimal) 

190 

82 

140 


98 „ „ „ 

215 

(Stimulus 1000 maximal) 

192 „ „ „ 

243 

273 

295 


165 

210 

1 

295 

410 


Thus the degree of anaesthesia in which the animal happens to be influences the 
result very considerably, and is a convincing proof of the true physiological basis of 
the cord electrical effect, viz, that it is dependent upon the number and intensity of 
excitatory impulses m the observed region It may be pointed out once more that 
this influence of anaesthesia is also sufficient to show, what might perhaps be otherwise 
suspected, that there is no objection to the use of the electrical method of stimulation 
through its possibly involving errors due to electrical escape 

Further proof that with the method of isolation used no such escape occurs is 
shown by the similarly directed effect evoked by both the make and break induction 
shocks, and by the production of the effect by mechanical stimulation A still more 
convincing proof is, however, the complete disappearance of the effect on systemic 
death (See Chapter III., section 4 ) 

B Systemic death and injury 

The influence of systemic death upon the physiological condition of the spinal cord 
has been already referred to in connection -with the resting difference. It was there 
stated that the difference keeps up and increases m the exposed portion of cord as 
long as it is in connection with a part which, through the maintenance of an unim¬ 
paired circulation retains its normal state of nutrition. When systemic death occurs 
the difference immediately begins to fall, and m a very few minutes (2-5) the 
excitatory electrical effect disappears, the loss of excitability oceurrmg m the case of 
the spmal cord with much greater rapidity than m the case of the sciatic nerve 

This disappearance occurs without systemic death if by any movement of the animal 
the cord is pulled upon, or if it is bruised in preparation at a point interve nin g between 
the seat of excitation and that of observation. Finally, the functional endurance of 
the tissue is dependent upon the animal used, differing m different species and m 
the different animals of the same species 

The most important general conditions by which the cord electrioal effect is con¬ 
trolled, having been thus set forth, we pass on to consider, what information a detailed 
^l^ination' of the characters and amounts of the electrical effects evoked under 
i ®^reh4bireumstances, furnishes as to the structure and functions of the spinal cord. 
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In our earlier experiments we made use of the capillary electrometer, and we will, 
therefore, first briefly describe those made with this instrument. 

Section 4 —Excitatory Electrical Effects in the Cord Investigated by 

Means of the Capillary Electrometer 

The electrometer, owing to the rapidity with which the mercury moves, furnishes 
valuable information as to the alterations m character and amount of electrical 
changes which follow one another in rapid succession. We have already indicated 
the experimental advantages which this confers m the examination of the cord effects 
evoked by cortical stimulation # Since, however, the conditions which increase the 
sensitive characters of the instrument are to a gieat extent those which dimmish its 
rapidity, it is almost impossible at present to obtain an instrument of sufficient 
sensibility for our purpose, without so slowing its movement that it takes more than 
Yj second for the mercury to complete its rise or fall If, theiefore, a series of tiansient 
electrical changes similar m direction, following one another at intervals of less than 
Yj second and all of equal intensity, are allowed to affect the instrument, then since the 
movement of the meniscus due to the first change would take yj second for its comple¬ 
tion, the second change will occur when the mercury is either in movement or has just 
completed its excursion and not returned ; a second movement is thus super-imposed 
on the first, so a third on the second, until a limit of fusion is reached, this being 
dependent upon the fact that with each additional displacement the counter-pull of 
the surface tension mcreases, and finally the displaced mercury is maintained at a 
new level without any additional displacement perceptible on either side of the level 
attained It is probable that an extremely fine vibration synchronous with the rate of 
successive electrical effects exists, but when the successive electromotive changes aie 
umfoim m amount, direction, and time relations, such a vibration must be extremely 
small 

A very diff erent condition is introduced when these electrical changes are alternate 
m direction, since now each displacement by one effect, whilst still in progress, is 
counteracted by another m the reverse direction due to the succeeding change being of 
opposite sign to its predecessor The effect of such a series of electrical changes even 
when following one another at such short intervals as yoq second is thus cleaily visible, 
whatever level the mercury may have reached, as a blurring of the edge of the 
meniscus The appearance to the eye may be described as a grey border to the 
otherwise black opaque column when viewed under the microscope 

This peculiarity of the electrometer at once enables us to judge whether, in a series 
of brief electrical changes, these are similar or dissimilar m direction, and we will 
first draw attention to this point in connection with the electrical effects in the 
spinal cord. 

* See tins paper, p 324, also 4 Roy 80c Proc Not , 1888 (vol 45, p 18) 
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The present series of experiments being planned for purposes of quantitative 
measurement, the least complicated and most constant conditions were in all cases 
selected, these being associated with careful isolation, and with the presence of one 
electrode only in contact with the natural surface It is probable that with these 
conditions the total excitatory electucal change m the electrode circuit is chiefly that 
produced by alterations affecting this one electrode 

We will now proceed to describe the character of the movements of the mercury 
when, with the capillary electrometer connected by the electrodes with an isolated 
portion of cord, this structure is stimulated by a series of induction shocks alternate 
m direction and following one another at intervals of yrro second (Helmholtz side-wire 
inductorium) 

It has already been stated that one end of the “ experimental tract ” is prepared 
for connection with the non-polarisable electrodes, the other for excitation , so far as 
the chaiacter of the effect revealed by the electrometer is concerned, it makes no 
appreciable difference which end is respectively used for the purpose In both cases 
a minimal excitation evokes an electrical change m the other end of the tract which 
affects the mercury of the electrometer, so that it moves rapidly up to a certain point, 
and there remains steady without visible oscillation, while it falls on the cessation of 
the stimulus, the mercury rapidly returning to its previous resting position 

With more intense stimuh a larger excursion of the mercury is obtained, and 
although no evidence of rapid vibration is detected, the character of the movement 
often becomes irregular, rising and falling at intervals in a more or less abrupt 
manner 

Whilst then it was clear from its character that the movement of the mercury is m no 
way connected with any electrotonic or other escape from the exciting cncuit, since 
there is no evidence of rapid rhythmical alternating effect, synchronous with the 
number of stimuli, it was desirable to ascertain to what extent the irregularities just 
referred to were true mdications of changes in the cord 

To ascertain this, experiments were made in which (see fig 11) the cord was divided 
at one point only, the 8th dorsal, and the upper end of the lower fragment connected 
with, the electrometer. The rectus femoris muscle was then prepared as indicated m 
the preceding paragraphs dealing with the transmission time (p. 366), but the attached 
ligature was fixed to a strong spring (Fick’s isometric myograph), the movements 
of which, as recorded by a lever, were magnified 50 times. The cord was then exposed 
m the lumbar region and its lateral surface excited, the muscular contractions were 
observed and recorded, and at the same time the character of any displacement of the 
mercury of the electrometer was ascertained as far as possible by the eye, and roughly 
drawn upon paper. 

, Jh thus ascertained that the electrical effects in the dorsal region of the cord 
f ^plbe4 by lumbar excitation, and evidenced by the mercurial movements, coincided 
lb jSfcd and character with the muscular effects. 
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Since the electrical changes evoked by excitation of the cord thus appeared to afford 
true indications of the passage of nerve impulses along its nerve fibres, it seemed to 
us quite possible to obtain for any one set of fibres a measurement of the value of the 
electrical effects m it which would bear companson with a similai measurement 

Fig 11 



obtained m the case of some other set By piecing together the mformation thus 
obtained, and by varying the conditions in which the cord was placed, we hoped to 
determine the comparative number or at least resistance of the channels along which 
excitatory impulses are propagated from the excited to the observed area. Further, 
by means of carefully planned interruptions, we hoped to ascertain how far such impulses 
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weie limited, piesumably by the anatomical relations of the paths along winch they 
were conducted, to given tiacts of fibres in the different columns We thus designed 
our work to ascertain the scheme upon which the fibious structure of the cord was 
arranged, and this for both ascending and descending impulses 

We found that the electiometer was not a suitable instrument for this investigation, 
since with minimal stimulation its movements were too small to admit of sufficiently 
accurate estimation, whilst the uncertainties connected with the conditions regulating 
its sensibility rendered exact comparisons of small differences between different sets 
of experiments impossible We therefore used the galvanometer m all the remaining 
experiments, obtai nin g with it results which could be better relied upon for purposes of 
comparison 


Section 5 —Electrical Changes Produced by Localised Stimulation of the 

Columns of the Cord. 


Plan of Experiments . 


In order to obtain quantitative comparisons between the effects evoked by localised 
excitation of different columns m the cord, the plan adopted was to divide the cord m 
the mid-dorsal and lumbar regions, and prepare one end of the isolated experimental 
tract lying between the sections for connection with the galvauometer electrodes and 
the other for excitation The method of connection has been already fully described, 
namely, at the cross section and the surface I centim away, by means of cables, 
under all precautions previously indicated. The preparation of the other end for 
excitation was effected by removing about a centimetre from the end, and thus 
exposing the cross section of the cord, in which it was possible, using the precautions 
described in the chapter on operative procedure, to Stimulate, with a pair of fine 
platinum electrodes, the sectiop of each uolhmh thus Exposed, anterior, lateral, 
posterior, or the grey matter. ; * /< r < 

The experiments showed us that with moderate intensities of stimulating currents, 
electrical effects were always produced in the observed end of the experimental tract, 
when at the other end'the cross Section of either lateral or posterior column was 
excited, but that only ve^emEsl a&d we effects were caused by a similar excitation 
of the anterior columns a®®**®* This suggested that no contmuous 

strand of fibres united Im ; pmfiioh of these latter tracts with the observed 

portion. We shall refer to this result again later on , since, however, the stimulation 
of thelateral and posterior columns alone gave notable effects, we limited our excita- 
|iou ru thtc majority of instances to these columns. 


of these experiments were carried out on Cats (17 animals), but we also 
l^nmdcrable number of experiments on three large Macaque Monkeys. It will 
Seen that the results differ m the two animals in a most interesting way. 
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The experiments all fall into two gieat groups, distinguished by the fact that m 
one the lumbar end of the isolated fragment of cord was the seat of galvanometric 
observation, whilst, m the other, the dorsal end was observed and the lumbar end 
excited In the first case the electrical changes are obviously due to the discharge of 
neive impulses down the cord, m the second to their discharge up the cord 

We will now proceed to a detailed description, first of a typical experiment, and 
then of the results obtained from several experiments under these two opposite con¬ 
ditions, and we will take first the case of impulses descending the cord, these impulses 
having been produced by excitation of some one column, as displayed m the dorsal 
section of the tf experimental region ” of cord. The galvanometric connections having 
been made with the lower lumbar end of this tract, electrical changes weie evidenced 
m it when the descending impulses reached that part which was m connection with 
the electrodes leading to the instrument 


Section 6 —Electrical Effects evoked in the Lumbar Cord by Excitation 

of the Columns in the Dorsal Legion 

(a) Typical JSxpenments 

Since the results m the case of Cat's cord, as mentioned in the preceding paragraph, 
are different from those obtained with the Monkey’s cord, it is desirable to separate 
out the expenments made upon each. We will therefore describe a single typical 
experiment and its results m the case of these animals In order to avoid repetition, 
the general procedure, which is the same m both animals, will be described more 
minutely in the case of the Cat (this being taken first) than m that of the Monkey 
To make clear the relationship of the excitation to the galvanometric connections, 
the actual positions m a typical case of the seat of operation and of both sets of 
electrodes is given m fig. 10, p 368, which represents the spinal cord of an animal 
thus experimented upon 

The cord of the Cat (243) was divided at the level of the 7th dorsal vertebra, it was 
then exposed m the lumbar region for 3 centims and divided at the level of the 
3rd lumbar vertebra, thus isolatmg an experimental region which extended between 
these two levels The distal (lumbar) end of this isolated fragment was now ligatured, 
and all connections having been divided, was raised m air by the thread. By means 
of cables the transverse section was connected with one non-polansable electrode, the 
longitudinal surface at 1 centim distance by a similar cable with the other The 
electrodes were fixed, as before, on a stand, and arranged at such a height that a con¬ 
siderable length, two or three inches, of thread cable hung loosely between them and 
the cord, all error due to mechanical displacement, as in the cortical experiments, 
being thus guarded against. The upper end of the isolated fragment or experimental 
mdcccxci — B 3 c 
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tract of cord was now exposed for about a centimetre, and a fresh division made so as 
to expose a more excitable section for stimulation 

The portion of cord investigated showed, when connected with the galvanometer, 
the usual resting electrical difference between the surface and ligatured cut end (see 
Chapter IY.) 

When after compensation the galvanometer needle was steady, the exciting elec¬ 
trodes, guarded by a short-circuiting key, were carefully held by one observer against 
the cut end of one column of the cord, as described m Chapter III, every precaution 
being taken to ensure that the surface should be dry. The key was now opened by 
the observer at the galvanometer, and by means of the revolving paraffin key the 
column was stimulated for a definite time (3^ seconds in this case), by a series of weak 
induction currents (100 per second) produced by the usual magnetic mterruptor, and 
made equal and alternate by means of the Helmholtz side-wire The intensity of the 
exciting currents had to be adapted to the varying condition of the animal, etheri¬ 
sation, &c, but the results aimed at being to stimulate the fibres m the separate 
columns rather than to arouse the reflex activity of the cord, it was thought advisable, 
at any rate m the commencement of an experiment, to use currents only just sufficient 
to evoke definite effects, such excitation will be termed here “ minimal ” 

In this particular case one Darnell cell was used in the primary exciting circuit and 
the secondary coil stood at 500 The excitation of either anterior column produced 
no electrical change, that of either lateral produced a very distinct effect, of the usual 
excitatory character, that is, an effect which commenced with the stimulation and did 
not persist after its cessation. 

The effect indicated the establishment of a transient electrical state, opposed in 
direction to that of the original resting difference. The galvanometer deflection, which 
recorded the change, was very distinct in its commencement and termination, so that 
its amount could be determined with accuracy. The deflection was 41 when the left, 
and 57 when the right lateral column was excited. The’ stimulation, in exactly the 
same way, of the cut end of the posterior columns produced much more pronounced 
effects, amounting to 96 in the case of the left, and 94 in that of the right column. 
Every precaution was taken to ensure that as far as possible the degree of narcosis, &c, 
should be the same during the four stimulations, and an interval of 1 minute was 
generally allowed to elapse between the successive applications of each. 

When a stronger stimulus (double the strength, coil 1000), of precisely the same 
character and duration was employed, larger effects of the same kind were produced, 
stimulation of the anterior regions being again followed by only a mere trace of 
effect, that, of either lateral by well-marked deflections (left 105, right 140); and that 
of the posteriors by very large deflections (left 290, right 208). 

’will he seen that this relationship of magnitude of effect is one which is retained 
results obtained in this way by differential columnar excitation of the 
nerd of the Oat. 
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A. very different relationship is, however, found to exist when the spinal coid of the 
Monkey is investigated in a similar way. 

The spinal cord of a Macaque Monkey (232) was divided at the 10th dorsal vertebra 
for excitation, and also at the 2nd lumbar, where having been freed from its nervous 
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and other attachments, it was ligatured near its divided end, raised as in the preceding 
experiment, and by means of cables connected with the leading off non-polarisable 
electrodes at its hgatured end and at its surface (see fig. 12). 

The usual resting electrical difference was observed when the electrodes were 
connected with the galvanometer, and was compensated. Each column was now 

3 € 2 
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excited where it had been exposed in the dorsal cross section, the excitation being as 
m the preceding case, viz, that of the interrupted induction currents (100 per second) 
with the He lmh oltz side-wire, and the period of excitation being 3£ seconds 

As m the Cat, the excitation of either anterior column produced no effect, that of 
each lateral, however, evoked a marked electrical effect, the two laterals giving 
respectively, left 75 and right 62, the deflection being m each case opposed m 
direction to that of the resting difference. Excitation of either posterior column 
was followed by a much smaller deflection than the corresponding lateral, the left 
giving 34, the right 40 

Fig 13 



When a stimulus of double the strength (coil 1000) but of the same duration was 
employed, very large deflections ’were produced, but the relationship of the results 
still held good, as excita4i©3& «o€» the left lateral gavd 210, whilst that of the corre¬ 
sponding posterior gave h65^0&ds smhlarl^ excitation of the right lateral gave 140 , 
whilst that of the corresponding posterior gave 120. 

, , If the compa^ative value ©fthe electrical change produced m the cord by “ minimal 
excitation of the differeht^columns be represented graphically, as m the annexed figure, 
a. glanpe is sufficient to shOjSY the striking contrast between the result obtained m the 

in^ the Monkey, since in*the letter case the laterals pre- 
posteriors. (See fig, 13.) 
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(b ) Average of Experiments 

The two experiments just descubed are types of all those made upon normal 
animals. The following table gives the results of the readings obtained in four Cats 
and one Monkey, with stimuli which were varied m one particular only, that of 
intensity 

It will be noticed that the aveiage in the Cat of the deflections produced by 
excitation of the posterior columns is twice as great as that following stimulation of 
the laterals 

In the Monkey, on the other hand, the average of the stimulation effects obtained 
from the lateral is about half as large again as that produced by the excitation of the 
posterior columns 

Excitation of Cut Dorsal Cord (Peripheral Surface) Electrical Effect m 

Lumbar Cord. 






Electrical effects evoked by stimulation of 


Region 

Region 

Intensity of 


Left 


T? 1 k 



observed 

excited 

stimulus 



JLul g ii U 






Ant 

Lat 

Post 

Ant 

Lat 

Post 

Cat (243) 

2 Lumbar 

8 D 

500 min 

trace 

41 

96 

trace 

57 

94 

33 33 

3) 

33 

1000 max 

33 

105 

290 

33 

140 

208 

„ (351) 

1 

7 D 

250 mm 


33 

70 


55 

62 

n ?3 

3) 

33 

33 


12 

39 


42 

52 

33 » 

33 

33 

500 max. 


90 

170 



* • 

33 33 

33 

33 

33 

t • 

31 

70 

• 

90 

105 

33 33 

3 1 

33 

33 


56 

110 


91 

115 

„ (230) 

13 Dorsal 

10 D 

500 mm 

* 

30 

130 


65 

150 

„ (378) 

3 Lumbar 

31 

33 i 


48 

86 

* 

41 

123 

3 3 3 3 

33 

33 

33 


48 

92 


32 

105 

3 J 33 

3 

JJ 

1000 max 

* 

39 

225 


62 

197 

33 3 3 

33 

33 

3 3 


75 

175 


98 

207 






60S 

1553 


773 

1418 




General 

average 

51 

129 

C 

70 

129 

Monkey (232) 

2 Lumbar 

10 D 

500 


75 

34 

» * 

62 

40 

33 3? 

33 

33 

3) 

* 

98 

22 

4 * 

65 


3) 33 

33 

33 

1000 


210 

165 

* * 

140 

120 




General 

average 

128 

74 

• 

89 

63 
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A fuither lesult which an analysis of those effects shows, is the difference between 
the average deflection m the case of the posterior and the lateral column with weak 
minimal stimulation and maximal stimulation respectively. 

Average effect evoked by stimulation of one lateral column 


Average effect evoked by stimulation of one posterior column 



Oat 

Monkey 

Minimal stimulation 

92 

31 

Maximal ,, 

170 

142 


It is seen that in the Cat both minimal and maximal stimulation evoke effects 
which are twice as large in the case of the posterior columns as m that of the 
laterals. 

In the Monkey the lateral column effect with minimal stimulation is, on the other 
hand, twice as large as that produced by the stimulation of the posterior column, but 
with a stronger stimulus this relationship does not hold, owing, possibly, to the 
increased reflex discharge which excitation of the posterior column now evokes 

The difference between the results of excitation of the columns in the two animals 
is, therefore, best marked with the weaker intensity of stimulus. It is evident that 
this must depend upon the number of fibres which form direct connections between the 
excited dorsal and observed lumbar region, along which fibres as constituting paths of 
least resistance the nerve impulses are almost entirely propagated from the excited 
area, when the fibres this contains are aroused by a weak st im ulus 

This seems to us to afford an experimental proof of the relatively larger number 
of continuous lateral column-fibres which must exist in the Monkey as compared 
with the Oat; this greater proportion may, in the light of the previous results 
described under cortical stimulation (Chapter V), be ascribed to tbe more complete 
development of the fibres forming the pyramidal tracts 

The histological investigation of the fibres in the tract m the two animals seems to 
view, there being apparently many more fibres m the pyramidal tract of 
than in that of the Dog, as determined by the degeneration method It 
, to he expected that the fibres m question must increase in number 
npleteness of the differentiation of those cortical structures from which 
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they spring , and it need hardly be pointed out that, whilst mmnte localisation of 
representation of movements on the cortex of the Monkey has been clearly demon¬ 
strated, such perfect differentiation lias not been found m the Carnivora 

We will now r pass on to the consideration of the results obtained when the dorsal 
portion of the experimental tract of the cord is connected with the galvanometer, and 
the columns excited m the lumbar region, thus evoking impulses which, to produce 
effects, must pass up the cord 


Section 7 —Electrical Excitation Effects evoked in the Dorsal Region of 
the Cord jby Excitation of the Columns in the Lumbar Region 

In these experiments the cord was divided in two places, as described in the 
precedmg paragraphs; but, since the electrical effects m the dorsal end of the 
tract thus isolated were to be investigated, the cord was prepared for several centi¬ 
metres at the upper dorsal level. At the lower lumbar section the cord was prepared 
by excision of one centimetre for purposes of excitation The excitmg and galvano- 
metnc arrangements were of the same character as before, their relative disposition 
bemg sufficiently indicated in the annexed fig 14. 

(a) Typical Experiments . 

We will again first describe the results of an experiment selected as a typical one, 
and carried out on the spinal cord of the Cat (244), as follows — 

The cord was divided at the 7th dorsal vertebra and prepared for observation as 
before described it was then divided at the 2nd lumbar vertebra for excitation 

The upper end of this experimental tract showed the usual resting electrical 
difference between surface and cross section, which was compensated. 

The cut lumbar surface of each different column was now excited for 3^ seconds by 
the interrupted current, 100 per second (Helmholtz side-wire), and the galvanometric 
effect observed. 

Although the secondary coil stood at only 500, the preparation was very excitable. 
Excitation of the anterior columns was followed by a slight but distinct effect, 22 with 
left side, 28 with the right, these, however, did not occur on repetition, and are 
exceptional. 

On excitmg the left lateral column, a deflection of 120 was observed, whilst on 
excitmg the left posterior column, a deflection of 215 was produced; finally excitation 
of the right lateral was followed by 100, of the right posterior, by 190. 

The general relationship of magnitude of electrical change evoked m the cord of the 
Cat by lumbar excitation of the cross sectional area of its different columns is thus 
the same as that obtained by dorsal excitation. 
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That is to say, whether the nerve impulses proceed down the cord from an upper 
excited to a lower observed area, or op from a lower exerted to an upper observed area, 
the anterior column fibres give no effects or only small ones, the lateral give marked 
effects, but the postenor give still more pronounced effects. 


Fig 14 



IfVe turn, now to experiments upon the Monkey’s cord, the same contrast with, the 
•jfesnlte in the Cat appears.as was described before. Thus in a Macaque Monkey 
the cord was exposed and divided at the 8th dorsal vertebra and was then 
?MeAii$flk<ifes attachments, ligatured on the peripheral side of the section and raised 
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from the canal, it was then connected with the electrodes exactly as m the case of 
the Cat 

The lower section and exposure occurred at the level of the 1st lumbar, and the cut 
surface of the columns was then stimulated as m the piecedmg case The necessary 
strength for minimal excitation was only found when the coil was 2000 The 
anterior columns evoked no definite effect, but excitation of the laterals evoked 
large effects, left 190, right 225, whilst similar excitation of the posteiiors evoked 
smaller deflections, left 112, and right 120 
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The results of these two typical experiments will be rendered still more obvious 
by the annexed figure, m which the value of the excitatory effects in the Cat and 
Monkey are displayed in a graphic form It will be seen how completely the relative 
size of the effect evoked by stimulation of the two kinds of column is reversed m 
the two animals (See fig 15 ) 


(b.) Average of Experiments 

We will now take the average of the observations in which the condition of the 
animal, &c, was, as far as possible, the same throughout, and the effect evoked m the 
dorsal cord by stimulating the lumbar columns accurately noted 
MDCCCXOI.—B, 3 D 
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Excitation of Cut Lumbar Cord (Central Surface). Electrical Effect m Dorsal Cord 


Cat (197) 

Cat (244) 

3? 

35 

Cat (256) 

Cat (355) 

93 

Cat (375) 

33 

33 

V* 

33 

>3 

Region 
obsei red 

Region 

excited 

Intensity of 
stimulus 

Electrical effects erol 

Left 

ced by stimulation of 

Right 

Ant 

Lat 

Post 

Ant 

Lat 

Post 

10 do: sal 

8 dorsal 

33 

33 

33 

8 dorsal 

8 dorsal 

3 J 

33 

9 dorsal 

33 

O 

33 

3i 

, 

1 lumbai 

99 

93 

33 

33 

3 lumbar 

2 lumbar 

33 

31 

2 lumbar 

i ” 

93 

39 

33 

2000 max 
500 „ 

3 3 3 1 

3 3 3 3 

3) 13 

300 mm 
1000 max 

9 3 3 9 

33 33 

500 

250 mm 
500 „ 
1000 

1000 

500 

Average 

0 

tiace 

22 

0 

» 

• 

• 

• 

• 

• 

* 

• 

64 
8i) 

120 

126 

160 

65 
65 
80 

110 

145 

61 

60 

192 

243 

190 

135 

120 

215 

120 

230 

76 

80 

50 

151 

125 

46 

82 

273 

295 

140 

0 

tiace 

28 

14 

* 

• 

i 

32 

95 

100 

66 

125 

20 

140 

142 

115 

145 

41 

81 

165 

210 

68 

165 

160 

190 

100 

140 

90 

82 

105 

175 

78 

54 

98 

295 

410 

215 

* * 

1761 

117 

2138 

148 

i * 

* 

1545 

103 

2357 

157 

Monkey (233) 

7 dorsal 

1 lumbar 

2000 



* 


120 

92 




2000 





75 

20 

Monkey (271) ' 

8 „ 

2 „ 

2000 

* 

190 

112 

* * 

225 

120 




Average 

■.. ..— 

» 

190 

112 


140 

77 


It will be noticed that the general' relationship* bolds in the case of impulses passing 
up the cord, namely, that in the Monkey^ the -most marked effects are evoked by 
excitation of the lateral, m the Cat by excitation of the posterior columns There 
are, however, differences in the precise characters of the relationship as compared with 
that indicated in the preceding group of observations when the nerve impulses were 
descending These differences are exhibited by separating all the lateral and 
posterior column effects, ‘h Accordance as they were obtained with the minimal and 
maximal stimulation, respectively. 
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Excitation of Lumbar Cord. Electrical Effect m Dorsal Cord. 

Cat .—Average effect evoked m the Cat by stimulation of one lateral column. 
Mi r m mal stimulation . 55 

Maximal ,, 124 

Average effect evoked m the Cat by stimulation of one posterior column 
Minimal stimulation . .74 

Maximal ,, 164 

Monkey —Average effect evoked by stimulation of one lateral column 
Maximal stimulation .... . . 133 

Average effect evoked by stimulation of one posterior column 
Maximal stimulation . . . ... 86 

The chief differences between these results obtained when nerve impulses proceeded 
up the cord and those obtained when they travelled down, are the following — 

(1.) The maximal effect in the Cat is more than twice as great as the minimal with 
stimulation of both lateral and posterior columns when the impulses are ascending, 
$.e, the lumbar end excited On the other hand, when the impulses are descending 
the maximal effect was less than twice as great There is thus a gain in the amount 
of the effect, when the stimulus is on the lumbar side of the region, m pioportion 
as the excitation increases m intensity 

(2 ) The minimal posterior column effect with ascending impulses is larger than 
the lateral m the Cat m the proportion of 3 to 2, but this proportion is less than that 
obtained when the dorsal cord was excited and descending impulses evoked, since this 
was 2 to 1. 

(3 ) In the Monkey the lateral column effect is larger than the posterior m the 
proportion of 3 to 2, when ascending impulses are evoked by maximal stimulation; 
with descending impulses similarly evoked the proportion is 9 to 7. 

The characteristic predominance of the lateral column of the Monkey is however 
marked, whether the excitation is dorsal and the descending impulses investigated, 
or lumbar as m the present case, and the ascending effects observed. 

The differences above described seem to indicate that the generated impulses travel 
not only along direct but indirect paths, that is along paths involving cells, and that 
the structural relations and physiological effects of the interposed structures are such 
that these influence, in both animals, traversing nerve impulses differently according 
as their direction is centripetal or centrifugal. It is particularly as regards the 
lateral column effect that this influence of direction is most marked , it would, 
therefore, seem that the lateial column comprises among its fibres some (presumably 
mternuncial) which offer less resistance to ascending than to descending impulses 
This view will receive confirmation, and be again referred to in the later experiments 
on the relations of the cord to the nerves. (See Chapters IX. and X.) It is sup- 

3 D 2 
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ported by the series of experiments to be next detailed, m which the result of 
intervening localised section of columns upon the electrical effects evoked by excita¬ 
tion of the same is set forth 

Section 8 —The Electrical Changes in each half of the Longitudinally 

Divided Cord 

The question as to what amount of the electrical effects, and thus of the excitatory 
processes underlying these, when evoked by stimulation of one column, is due to 
changes confined to that column only, is one of such importance in respect to the 
well-known views as to conduction by the different groups of fibres in the cord that it 
seemed advisable to approach this subject by particular expenments In the case of 
the changes m the cord following excitation of the cortex, we had found that it was 
possible to split the cord longitudinally without destroying the excitability of the 
two halves, and so to obtain evidence of unilateral localisation of effect This seemed 
the most straightforward means of getting information as to localisation when the 
columns of the cord were the seat of the excitation, at the same time we felt that 
the operation of longitudinal division must m all probability seriously affect the 
functional continuity of the posterior columns, whose excitation in the Cat, as the 
foregoing experiments have shown, is productive of such marked results To these 
experiments attention must now be given 

We have only performed two successful experiments , both upon the Cat. 

In the first the cord was divided at the 9th dorsal and at the 4th lumbar 
vertebrae. The upper dorsal end of the fragment was prepared for excitation, the 
lower lumbar end was freed and split m a manner similar to that employed in the 
cortical experiments (See fig. 16.) Each half was connected with a pair of non- 
polarisable electrodes, as in those experiments, and either pair could be switched into 
the galvanometer circuit and its electrical changes observed The general arrange¬ 
ment of the circuit m this case is shown m fig. 1. 

When the columns were excited for 5 seconds with the secondary coil at 2000, 
and the right portion of cord investigated, then— 

Excitation of the right lateral produced an effect of 31, 

left „ no effect. 


On the other hand, 


Excitation of the right posterior produced an effect of 53, 

left „ „ „ 15. 


» 


' t & ’ife left portion of cord was now investigated and the same strength of stimulus 
Itif Ih-was found that— 
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Excitation of left lateral pioduced effect of 42, 56 




right 

left posterior 
right 




6 

87 

45 


0 





V 


On repeating this experiment with a stronger stimulus (coil 3000), the unilateral 
character of the right lateral column became less marked, whilst the left and right 
posterior columns gave now equal bilateral results; thus— 
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Excitation of left lateral produced effect of 68 
„ right „ „ » 36 

„ left posterior „ „ 96 

„ light „ „ >> 89 


Eig 17 


Cat. 

.Midi 



xnr.T) 




It thus appears that when half the split cord is observed and the columns excited 
on the central side, the excitatory electrical change, produced by weak excitation of 
the lateral column is entirely confined to the side stimulated, whilst that produced by 
simila r excitation of the posterior column is but mainly confined to the stim ula ted 

Hie excitation is of sufficient mtensity it is produced equally on 
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both sides This, therefore, suggests that descending impulses m the lateral column 
are, to a very large extent, confined to these fibres, but those m the posterior column 
cross into similarly situated fibres on the opposite half of the cord 

A second experiment of the reverse kind was made on another occasion, the excita¬ 
tion bemg now in the lumbar region, and the impulses evoked thus being ascending 
The cord was divided at the 7th dorsal and 3rd lumbar, and the upper dorsal portion 
was prepared for galvanometric observation, and split longitudinally, whilst the 
lower lumbar portion was prepared for excitation, the general arrangement is shown 
in fig 17 

When the right half of the split cord was examined — 

Excitation of the right lateral produced an effect of 38 
,, left ,, ,, ,, 3 

„ right posterior „ ,, 40 

„ left „ „ , 14 

The cord was then again divided a little centrally to the seat of the previous 
excitation, so as to expose a fresh surface for the stimulation, and now— 

Excitation of right lateral produced effects of 86 , 94 

„ left „ , 16 15 

„ right posterior , „ 81 112 

„ left „ „ „ 52 60 

The left half of the cord when observed gave the following results — 

Excitation of left lateial produced effect of 33 
„ right „ , „ 3 

„ left posterior ,, „ 40 

„ right „ „ ,7 

The general conclusion to be derived from these experiments is that the excitation 
of the lateral column produces an effect which is limited to a very remarkable degree 
to the side excited On the other hand, the excitation of one posterior column 
produces with appropriate excitation bilateral electrical effects, but the effect is twice 
as great on the same side as it is on the opposite one 

It must, however, be borne in mind that the operation may, by depressing the 
excitability of the posterior columns, be a source of error which can interfere largely 
with the above results, since the posterior columns are more liable than the lateral to 
suffer by the procedure of splitting, and earlier experiments have convinced us that if 
they are injured the electrical change produced by their excitation is very largely 
affected. 

The extent to which the effects and thus the nerve impulses are localised in the 
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columns excited was, therefore, now approached by another method, that, namely, ol 
intervening sections 

Section 9 —Influence of Intervening- Sections upon the Electrical Change 
in the Cord following Excitation of the Different Columns 

The extent to which the electrical change in the cord following excitation of the 
cut col um ns is dependent upon direct continuity of nerve fibres between the pait of 
the column excited and the part of the cord observed is more clearly indicated by the 
experiments now to be described 

In these the excitatory and galvanometric arrangements were similar m all details 
to those employed m the two preceding groups of experiments, hut the expernnental 
tract had been subjected to important additional operations, some particulai column 
indicated being divided at a position mtervening between the region of excitation and 
the observed region, and the result of such division as affecting the electrical excitatory 
change being then estimated 

The section, the influence of which was thus investigated, was made in most cases 
at the time of the experiment. In a few cases the section was made three or four 
weeks beforehand, m order not only to ensure a more striking alteration of effect by 
the degeneration of the continuous nerve tracts involved, but also to provide against 
any transient disturbance due to the operation, affecting the excitability both of the 
particular tract and of other nerve tracts than the one operated upon 

Since the influence of each separate intervening section had to be studied in the 
case of excitation evoking both descending and ascending impulses m the experimental 
tract, the experimental results of any section naturally fall into the two groups 
already indicated m the preceding Sections. 


(1.) Electrical Effects in the Lumbar Cord Evoked by Excitation of the Dorsal Cord. 
A. Injktence of Hemisection. 

The experiments were made upon three animals (Cats), in all of which the inter* 
verpng hemisection occurred at the level of the 12th dorsal vertebra, in the first on 
the*right side, in the second and third on the left side 

Each experiment was conducted precisely as those previously described ; that 
is tp say, the cord was divided at the 8th dorsal and 2nd lumbar vertebrae. The 
Ipipr, end of „ the experimental tract was prepared for connection with the galvano- 
, metric electrodes, the upper, for excitation The different columns were first succes- 

-sively excited before the hemisection in the usual manner* and the electrical effects 

? _ T * 

hhsprved. These are shown in the preceding table, see page 381,, and were of the 
^Wicated in Section 6 (6). The *cord was now exposed at the 12th dorsal, the 
a nd the electrical effects* of the excitation of the different columns 
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under these circumstances were then noted The following is a table showing 
the results obtained — 


Electrical Effects m Lumbar Cord Evoked by Excitation of Dorsal Cord after 
Intervening Hemisection on the Eight Side at 12th Dorsal Vertebra 


Oat (351) 

Region 

observed 

Region 

excited 

Stimulus 

Electrical effects 

Left 

i 

Eight 

Lat 

Post 

Lat j 

Post 

2nd lumbar 

7th dorsal 

500 mm 
„ mm 
,, mm 
1000 max 
2000 max 
2000 max 

45 

62 

43 

100 

201 

180 

71 

45 

55 

81 

145 

145 

0 

0 

0 

0 

6 

12 

0 

0 

0 

0 

26 

31 


Intervening Hemisection on Left Side a 

it 12th Dc 

Eleetnea 

)isal 



Region 

observed 

Region 

excited 

Stimulus 


1 effects 


Left 

Right 

Lat 

Post 

Lat 

Post 

Cat (371) 

1st lumbar 

8th. dorsal 

500 

18 

0 ' 

132 

56 





18 

0 

126 

75 





15 

12 

no 

58 




1000 

49 

26 

201 

193 





29 

26 

184 

182 

Cat (278) 

3rd lumbar 

9th doisal 

500 

0 

0 

47 

56 




1000 

19 

34 

148 

198 


The average results of the excitation of the lateral and posterior columns, 
when grouped, as dependent upon the intensity of the stimulus, show the following 
quantitative comparison 

Average Effects obtained by Exciting Columns on Side of Section. 



Minimal 

Maximal 


stimulation 

stimulation 

Lateral . ... 

8 

23 

Posterior . . . 

2 

29 


3 E 
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Average Effects obtained by Exciting Columns on Opposite Side to Section 



Minimal 

Maximal 


stimulation 

stimulation 

. 

Lateral 

74 

183 

Posterior 

62 

1 

173 


From this table it will be seen that the electrical effects observed m the dorsal 
region are profoundly modified by an intervening hemisection of the cord. With an 
excitation of minimal intensity, the application of the stimulus to the columns 
at the dorsal end situated on the side of the section evokes little or no electrical 
effect in the lumbar region. The interruption of the directly continuous fibres by 
the hemisection has thus reduced the effect to such an extent, that m two Cats it was 
completely abolished, and only present m one. 

With the same minimal intensity of stimulus, excitation of the posterior column 
evoked no effect at all, except in one instance; the interruption in the fibres of this 
column thus abolishes the electrical effect. 

With a minimal stimulus, therefore, the electrical effect in the lumbar region 
obtained by excitation of the columns m the dorsal legion is dependent upon an 
unbroken continuity m the fibres descending along the same side as the excited 
column. It is thus clear, that not only are the stimulating induction currents which 
traverse the excited end of the exposed column confined to that side of the cord, but, 
in addition, that the nerve impulses generated by this stimulus travel down that side, 
since it is the arrival of the nerve impulses at the lumbar end of the tract which 
produces the electrical effect and this is practically abolished by the interruption 
offered by the hemisection 

Whilst the experiments thus furnish strong evidence against any direct and con¬ 
tinuous tract of nerve fibres passing from one side of the cord to the other, the 
presence of effects on the two sides of the cord, when evoked by more intense stimuli, 
shows that the interruption of hemisection is not a complete block. With increasing 
intensity it will he noticed that excitation of both lateral and posterior columns on 
the side of section evoke electrical effects in the cord below. These must be due to 
the passage of nerve impulses from the excited area along paths which are in relation 
with cells, indirect, since these are the only known channels across the cord. 
These impulses may dischaige, in a reflex manner, the cellular energy of both sides 
of the cord, the opposite side in a much less degree than the same side; a crossed 
electrical change would then' abdicate the sum of the nerve impulses evoked in the 
opposite side by a discharge of nerve cells. Similar effects would, however, be 
'without any reflex influence being present, an indirect path crossed from 
due side to a column of fibres on the opposite side. Both agencies may 
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be presumed to operate in these cases, though the results of the experimental observa¬ 
tions set forth m the succeeding chapters all favour the supposition that the fibres 
which form the indirect crossed path are almost entirely derived fiom the posterior 
column, whilst the mternuneial fibres, by which the successive segmental groups of cells 
aie associated with one another, are mainly confined to the lateral column. It will be 
observed that the crossed effect is only to -§■ of the dn*ect effect evoked by stimulation 
of the side opposite to the lesion, hence either the nerve impulses, of which the effect 
is the index, are either greatly reduced m quantity by their passage thiough the grey 
matter, or comparatively few nerve impulses take this crossed path 

Finally, as regards the effects m the side opposite to the lesion, it will be noticed 
that, comparing the relative value of the two effects, due to excitation of the 
posterior column is now less than that of the lateral column. This is piobably due 
to the necessary exposure of the columns at the 12th dorsal vertebra acting injuriously 
upon the excitability and conductivity of the exposed but otherwise uninjured 
posterior column not mcluded m the section. 

A glance at the full details of experiments 351 and 371 will show (see table, 
Section 6 ( b )), that the same relation was present in most cases before the hemisection 
was made; the subject will be referred to in more detail m the next paragraph, which 
deals with the result of section and injury to the posterior columns 

B. Influence of Section of Posterior Columns. 

The influence of the section of both posterior columns in the lower dorsal region 
upon the electrical effect evoked m the lumbar region, and thus upon descending 
nerve impulses, is shown by the following experiment — 

The cord was divided m a Cat (357) at the 9th dorsal and at the 2nd lumbai 
vertebrae, it was prepared for excitation at the former region, for attachment to the 
galvanometric electrodes at the latter The cord was then also exposed at the 11th 
dorsal vertebra, and, before any operative lesion, an experiment of the customary kind 
was made. The excitation, with stimulus 500 of the two laterals, gave deflections of 
30 and 65, average, 47, that of the two posteriors gave 130 and 150, average, 140, 
After division of both posterior columns at the 11th dorsal, similar excitation of the 
lateral columns evoked effects of 60 and 105, average, 82, # whilst that of either 
posterior column evoked no effect whatever, unfortunately, the effects evoked by 
stronger stimuli were not observed. 

The interruption, therefore, as regards the posterior columns was complete with 
this intensity of stimulus, and hence all nerve impulses generated by such <c minimal ” 
excitation of either column m the dorsal region are propagated to the lumbar region 

* It will he seen that the average effect obtained due to excitation of the lateral columns after section 
of the posterior columns is increased A similar exaltation occurs m the experiments detailed in 
Chapter IX, Section 7, C, where the causation of the phenomenon is discussed. 

3e2 
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aloDg fibres which do not pass out of these columns, and a strict localisation of nerve 
impulses is with this intensity of stimulus possible 

The posterior columns are particularly susceptible to injury, since they are especially 
exposed to danger of drying, &c , m the preparation of the cord This circumstance 
must be always kept in view when experiments involving an intervening exposure of 
the cord are made. We were much puzzled by the result of two experiments m 
which, after dividing the cord m the dorsal and lumbar regions, we had exposed a 
portion of the experimental tract m the intervening part, about the 12th dorsal, for 
subsequent operative lesion The following results were obtained — 



Dorsal cord excited 

Stimulus 

Lumbar cord observed 

Observed 

end 

Excited 

end 

Left 

Right 

Lat. 

Post 

Lat 

Post 

Cat (316) 

2nd lumbar 

8 th dorsal 

mm 

90 

31 

103 

28 




max 

190 

91 

130 

85 




max | 

165 

65 

98 

115 

Cat (371) 

1st lumbar 

9 th dorsal 

mm 

145 

112 

140 

124 




mm 

132 

98 

144 

104 




max ! 

170 

190 

210 

182 




max 

280 

145 

19? 

195 




max 

142 

179 

153 

205 




mm, 

62 

42 

73 

30 



General 

aveiage 1 

153 

106 

141 

117 


In these cases therefore all lateral column effects aveiage with minimal stimulus 
|I1, with maximal 166 ; whilst all posterior column effects average with minimal 
stimulus 70, with maximal 145. It is seen that these results are exceptions to the 
general rule (see p. 385) of the effect from the posterior being m, the Oat larger than 
that from the lateral. That this was really due to the prolonged exposure at the 
12th dorsal injuriously affecting the posterior columns is shown by the fact that such 
exceptional results were only obtained when an intervening portion had been thus 
exposed. If prolonged exposure is avoided by performing the necessary operation 
immediately before the desired intervening lesions are to he made no such lowering 
of the amount of the posterior column effect is observed In this relation it is 
possible to explain the comparatively small posterior column effect (see p 385) of the 
Monkey as in some measure due to a loss of excitability in these columns, which 
seem to be much more susceptible than the laterals (Chatjveatj). 
z lfbflmme of Section of one Posterior Column. —It is possible to interrupt one 
win billy, and thus to obtain conclusive evidence of the extent to which the 
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electrical effects evoked by its stimulation are due to the propagation of impulses 
along fibres which aie confined to the column 

This lesion was effected m three Cats on the left side, the results are seen in the 
following table — 


Electrical Effect obtained m the Lumbar Cord by Excitation of Columns in the 
Dorsal Region after intervening Section of Left Posterior Column 






Left 

Right 




Stimulus, 









Lat 

Post 

Lat 

Post 

Cat (357) 

2nd lumbar 

10th dorsal 

500 mm 

68 

12 

82 

48 




„ mm 

75 

11 

120 

70 

Cat (371) 

1st lumbar 

9th doisal 

250 mm 

86 

0 

89 

34 


j 


500 mm 

115 

0 

145 

66 




1000 max 

198 

45 

180 

170 


J 


,, max 

169 

26 

146 

130 

Cat (378) 



500 mm 

59 

3 

75 

26 




1000 max 

144 

34 

131 

1 

193 


Average Effect obtained from Side of Section. 



Minimal 

Maximal 


stimulation 

stimulation 

Lateral . 

80 

170 

Posterior 

6 

35 


Average of Effect obtained from Side Opposite Section 



Minimal 

Maximal 


stimulation 

stimulation 

i 

Lateral 

102 ! 

152 

Posterior 

t 

51 j 

lo4 


It will be noticed that with minimal stimulation the interruption occasioned by the 
unilateral section is almost complete , hence we conclude that— 

(( a ) The stimulation must be localised to the column on which, the electrodes are 
placed; 

(6) The electrical effect in the lumbar cord, following excitation of one posterior 
column, must be due to nerve impulses proceeding down channels confined to that 
column; 
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(c ) No tract of fibres in other columns can have direct and continuous connections 
with the fibres in oneposteiior column. 

With maximal intensity of stimulation the interruption is sufficient to lower the 
posterior effect in the proportion of 164 (that of the uninjured posterior) to 35, that 
is, 80 per cent The effect still obtained, in spite of the interruption, must be due to 
indirect paths which come into relation with cells ; these paths may partly cross or 
be continuous with fibres contained m the uninterrupted lateral columns on the side 
of the lesion. The next experiment to be detailed (C) will throw some light upon 
this point 

C Influence of Section of both Posterior Columns and one Lettered 

By making a hemisection and then dividing the remaining posterior column, a lesion 
is made (Miescber) m which the only intact fibres m the cord are those of one lateral 
column, one anterior column, and the fibres m one half of the grey matter 

Such a lesion was made m two animals at the 12th dorsal vertebra, with the 
following result on the electrical changes ip. the lumbar cord. 


Hemtsection on the right side and section of the left posterior column. 



Cord 

observed 

* 

Cold 

excited 

Stimulus 

Left 

Right 

Lat 

Post 

Lat, 

Post 

Cat (357) 

| 2nd lumbar 

9th. doisal 

500 mil} 

90 

0 

0 

0 





75 

0 

0 

0 

Cat (351) 

3rd lumbai ' 

7th. dorsal 

2000 max 

140 

32 

11 

16 





135 








125 





It will be seen that with a “ minimal ” stimulus no electrical effeot was evoked 
except by excitation of that lateral column (left) which remained intact Hence, the 
lateral column minimal effect is as strictly localised to its contained fibres as that 
of the posterior column, and the presumption is that it contains no fibres which 
are directly continuous with those which form at the level of the 9th dorsal the 
other lateral and the two posterior columns. 

On the other hand, with a maximal stimulus, excitation of each column evokes an 
effect, which is, however, much less pronounced than that obtained by the excitation 
of the uninterrupted lateral. It will be noticed that the posterior column on the 
sidt of the uninterrupted lateral gives far the most marked of these effects If the 
efp!te f are taken to mean that there exist indirect channels by which nerve impulses 
: fimm the fibres of any excited interrupted column into those of the uninter- 
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rupted lateral, then the preponderance of the effect evoked by the left postenoi 
column would show that such indirect communication between the fibres m the 
posterior column and those m the lateral consists chiefly of posterior column fibies, 
which do not cross the cord It may indeed be doubted whethei the small effects 
evoked by excitation of the lateral and posterior columns of the side opposite the 
uninterrupted lateial are any evidence of veritable crossing neive impulses, since it is 
probable, that with the strength of stimulus used (2000), the excitation of any 
column may cause reflex discharges from the cells m the grey matter of the uppei 
dorsal portion of the coid, and the effect transmitted by the umnteirupted lateral 
would therefore be due to spread of the awakened activity involving the cells which 
are connected with its own mternuncial fibres, and which thus send forth nerve 
impulses to be transmitted down the uninterrupted channels. 

Howevei this may be, there is no indication by this electrical method of any laige 
indirect crossed path, m connection with the lateial column, of fibres such as would 
conduct nerve impulses downwards from the dorsal to the lumbar cord. The interest 
which attaches to this negative result hangs upon the presumed connection of the 
lateral -5 '' tract with nerve fibres on both sides, and upon the circumstance that it 
forms the first of a series of results all pointing conclusively in the same duection, 
which wall be set forth in Chapters IX. and X. 

(2) Elect! iccil Effects Evoked m the Dorsal Cord by Excitation of the Lumbar 

Cord, after intervening Sections. 

A. Influence of Hemisection. 

Smce the characters of the normal electucal effects in the cord are not the same 
when the nerve impulses are ascendmg, i e, evoked by excitation of the lumbar 
region, as when descending, i e , evoked by excitation of the dorsal region, it is not 
surprising that the influence of intervening lesions upon the former group of effects 
should differ from the influence already described upon the latter group. 

The influence of hemisection upon ascending changes was studied m two animals 
(Cats), one with minimal, the other with maximal stimuli, the experimental tract 
being situated as shown m the following table, and the hemisection made on the left 
side at the level of the 13th dorsal and lOth-llth dorsal vertebrae respectively. 


* Mieschbe, ‘ Arbeiten ails dem Physiologiscliea Institute in Leipzig,’ Von 0. LtJDwtO j WobosChiloee, ibid. 
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Intervening Hennsection on the Left Side 



Cord cut for 
observation 

Coid cut for 
excitation 

Stimulus 

Left 

Right 

Lat 

Post. 

Lat 

Post 

Cat (375) 

8th dorsal 

2nd lumbar 

500 

8 

0 

80 

40 

Cat (355) 

5» 

jj 

1000 

0 

65 

105 

80 





0 

26 

106 

86 





0 

40 

120 

96 


“ Minimal n Stimulation —In the first Cat (375) the “minimal ” stimulation in the 
lumbar region of the lateral and posterior columns on the side of the section evoked 
no appreciable effect m the dorsal region, the negative result thus confirming our 
previous conclusion, that the direct fibres m these columns are completely confined 
to one side of the coid. This, it may be pointed out, is strictly m accordance with 
the present state of minute anatomical knowledge, as obtained by the study of the 
degeneration and developmental histological changes 

Ai'erageof Effects with Maximal Stimulation —With the maximal stimulus, no effect 
was evoked by the stimulation of the lateral column on the side of the interruption. 
This contrasts with the fact that when the nei ve impulses are propagated down the 
cord, as m the previously described experiments, such stimulation evoked appreciable 
effects. 

The remaining columns gave average effects of 

44 for the posterior column on the side of the section, 

110 j., lateral ,, „ opposite to the section, 

87 „ posterior on the opposite side 

The posterior column thus contains indirect fibres which come into relation with 
6ells, but through these with fibres in the column on the opposite side of the cord, and 
tins connection is such, that apparently it offers less resistance to the passage of 
amending or afferent impulses than it does to that of descending ones, or possibly 
special facilities exist for the discharge of cells m response to impulses ascending in 
ihe posterior column. 

R Influence of Section of Posterior Columns. 

The influence of the section of both posterior columns upon tbe effect evoked by 
excitation, of the lumbar cord was studied in the case of such lesions^made upon three 
animals (Cats), in two of which the section was carried out at the time of experiment 
the level of the 12th dorsal, whilst in the third it was done 28 days before at the 
Jeyii of the' 10th dorsal vertebra Tbe results are displayed in tbe following table — 
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Section of both Posterior Columns. 



Cord cut for 
observation 

Cord cut for 
excitation 

Stimulus 

Left 

Right 

Lat. 

Post 

Lat 

Post 

Cat (256) 

8th dorsal 

3rd lumbar 

300 

30 

0 

45 

15 




1000 max 

240 

65 

310 

105 

Cat (19*7) 

11th doisal 

4th lumbar 

2000 

64 

35 

32 

25 


Previous Operation, Division of both Posterior Columns 



Cord cut for 
observation 

Cord cut for 
excitation 

Stimulus 

Left 

Right 

Lat 

Post 

Lat 

Post 

Cat (251)* 

6th dorsal 

2nd lumbar 

1000 

68 

0 

30 

10 




mm 

58 

2 

100 

0 




max (less 

80 

20 

96 

28 




ether) 






The differences between the results obtained from sections made at the time and 
beforehand, are perhaps those involved by the necessity m the latter case of using a 
slightly stronger stimulus And since the different column effects are similar m both 
cases, the massed average of both lateral and both posterior effects evoked with the 
minimal and maximal stimulus respectively may be taken from all three animals 

Effect evoked by lateral columns 

Minimal excitation, 55 ; maximal excitation, 136, 

Effect evoked by posterior columns 

Mmimal excitation, 4 , maximal excitation, 46. 

It will be seen on lookmg at these averages, that with minimal excitation the 
posterior column effect practically disappears as the consequence of the interruption 
produced by the section ; thus the view as to the localisation of both stimulus and 
generated impulse to these columns is true of afferent as of efferent impulses, when 
the former is sufficiently weak. 

With a relatively more intense stimulus (or with the animal less etherised), this 
localisation of the effect does not occur; the excitation of the lower and posterior 
columns now evokes effects above the interruption, the avei age amount of which is as 
much as one-third that produced by the stimulation of the laterals, that is to say, 

* Eor full description of this animal as regards its condition during life and the poU mortem appear 
ances of the cord, see p 439 

MDCCCXCI —E 3 E 
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there aie indirect fibres m the posterior columns which are not interrupted, and 
which connect .these through cells with the lateral columns This we have already 
seen m the case of the lateral column exclusion experiment (see p 398), to be also true 
for efferent impulses, hence each posterior column is indirectly connected with the 
lateral of its own side. 

We now pass to the experiments made m similar preparations on one posterior 
column only 

Influence of Section of one Posterior Column —Our experiments upon this point 
were made on two animals, but in each case with a strength of stimulus which was not 
minimal, since, although in one animal the absolute intensity of the exciting currents was 
that generally used for minimal stimulation (500), yet the preparation was m a hyper- 
excitable state owing apparently to the lumbar section having hit the entrance of a 
posterior root That the preparation (Cat 375) was hyperexeitable at the moment 
when the intervening section was to be made, is shown by the fact that with this 
weak intensity of stimulus the excitation of the lateral columns gave deflections of 
166 and 285, and that of the posteriors of 168 and 202. We endeavoured to lower 
the excitability by more profound etherisation, but the results evidently belong to that 
class which have been considered as evoked by maximal stimuli The true effect of 
minimal excitation was not, therefore, observed The left posterior column was divided 
m both animals at the level of the 11th dorsal vertebra 


Electrical Effect obtained in the Dorsal Cord by Excitation of Columns m the 
Lumbar Region after intervening Section of the Left Posterior Column. 



Cord cat for 

Cord cut for 


Left 

Right. 


observation 

excitation 

Stimulus 






at 

at 


Lat 

Post. 

Lat 

Post. 

Oat (375) 

9 fell dorsal 

2nd lambar 

500 max. 

108 

26 

115 

58 

Oat (197) 

* 

11th dorsal 

4 th lambar 

2000 max 

70 

48 

20 

205 


Average effect evoked by excitation of the— 

(1) Lateral columns . . . . . . . 78 

(2) Posterior columns oh side of lesion ... .37 

isi 


The inhermpmon. m me ieir posterior column tnus aia non aDolish, but only reduced, 
the electrical effect present in the dorsal-cord above the interruption, when the column 
^maximally stimulated below in the lumbar region. The amount of the reduced 
*ehe quarter of that which can be evoked by maximal stimulation of the 
tl^interrupted posterior column. The existence of even a reduced effect is 
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presumably due to nerve impulses proceeding up channels which are composed of fibres 
startmg below the section m the posterior column, but brought, by the inteivention of 
cells, into relation with fibres contained in the lateral column of the same side, and m 
the posterior of the opposite side 

An instructive experiment hearing upon this subject remains to be detailed We 
divided the posterior roots of the 5th, 6th, 7fch lumbar, and 1st and 2nd sacral 
nerves on the leffc side After twenty-one days the animal (Oat 227)'* was used for 
experiments on the cord These were of the same kind as the previous ones, the 
coid being divided m the dorsal and lumbar regions, and the experimental tract 
prepared for attachment to the galvanometric electrodes at its dorsal end and for 
stimulation at its lumbar The excitatory electrical effects obtained with excitation 
of the different columns are given in the following table. 


Division of Left Posterior Hoots of Sciatic Nerve. 


Cord cut for 
observation 
at 

Cord cut for 
excitation 
at 

Stimulus 

Left 

Right 

Lat 

Post 

Lat 

Post 

Cat (227) 10th. dorsal 

3rd lumbar 

1000 

82 

66 

71 

105 




125 

71 

145 

205 





41 


61 





30 


85 


Average effect obtained by exciting both lateral columns 

Average effect obtained by exciting posterior column on side of lesion 

Average effect obtained by exciting posterior column on opposite side 

to lesion . ... . . . 114 

It is clear*, therefore, that the result of the division of the root was to reduce the 
posterior column effect on the side of the lesion, the diminution of effect amounting 
to about a third of what must be considered its full value, smee the posterior column 
effect on the side opposite the lesion is probably lower than it would be m the normal 
animal 

If, therefore, the stimulus had been of sufficient mtensity to evoke impulses trans¬ 
mitted by direct fibres only, then this diminution would mean that a third of these 
direct fibres had degenerated m consequence of the section. The stimulus, however, 
was evidently too strong to be classed as t( minimal,” and all the effects must be con¬ 
sidered as increased by the accession of impulses proceeding up induect paths. 
Hence, the experimental results suggest that from the total number of direct and 
indirect fibres uniting the lumbar region of the left posterior column with the dorsal 

* For full description of this animal see p 466 

3 F 2 
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region, the section of the postenor roots has withdrawn from active service a pro¬ 
portion equivalent to about one-third and rendered them incapable of conducting 
impulses 

It is conceivable that the cells m the posterior horn, which, m some animals, # are 
m relation with the posterior root fibres, may have their functional activity impaired 
by the section and consequent degenerative changes, and that a small part of the 
diminution may be due to the withdrawal of impulses possibly generated m them 
(See Chapter XI) 

C. Influence of Section of both Posterior Columns ancl one Lateral 

In ordei to asceitam to what extent ascending impulses started by lumbai excita¬ 
tion of the lateral column are interrupted by its section, a similar experiment to that 
described with descending impulses was carried out. An intervening hemisection on 
the left side and a further division of the posterior column on the right side were 
made, there remained only the lateral of one side, the contiguous grey matter, and 
the anterior columns to bridge across the interruption (Miescher). 

The cord was prepared and excited as m all the previous experiments, two strengths 
of stimulus bemg used, both more than “ minimal/’ 



Cord cut for 

Coid cut for 


Left 

Right 


observation 

excitation 

Stimulus 






at 

at 


Lat 

Post 

Lat 

Post 

Cat (355) 

8th dorsal 

2nd lumbar 

1000 

0 

0 

110 

19 




2000 

0 

19 

220 

40 


It is evident from this experiment that (l) the excitation of the uninterrupted 
lateral column of the right side alone produces a marked effect; (2) that the excita¬ 
tion of the postenor columns can evoke effects in spite of the interruption in the lateral, 

(3) that effects can be obtained from the posterior column of the same side with an 
intensity of stimulus which is not effectual in the case of that of the opposite side, 

(4) that even with the strongest intensity of stimulus used, excitation of the inter¬ 
rupted left lateral column evokes no result. We may, therefore, infer that afferent 
tracts in tbs Cord lying-in 1 one lateral column are brought into relation with the 
posterior bnt Yfrfir lateral Oolutmi of the other side The importance of this result will 
be realised"If lt^be remembered fhat it has been concluded from the result of physiolo- 

ilnehts'(W orosohiloee, &c.), to be detailed in the next chapter (p 419), that 
ferity df sensory fibres entering the cord pass into the lateral column of the 
rsiefe, the remainder continuing in the lateral’ column of the side on which 



* See Feeud’s paper on the cells in JPetromyzon 
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they entei It has been shown, by the present expenments that, as far as the 
nerve impulses aroused by electncal excitation of nerve fibres m tbe cord aie con¬ 
cerned, no such extensive crossing occurs m tlie dorsal or lumbar regions; and the 
experiments in Chapters IX and X , on the relation of the cord to tbe lumbar nerves, 
show that no sucb extensive crossing mto the opposite lateial column occurs when tbe 
impulses are generated m the entering nerves themselves. 

It is difficult to perform a satisfactory experiment on tbe influence of section of one 
lateral columu, smce tbe extensive lesion alters tbe excitability of tbe posterioi column 
of tbe same side, and this interferes with tbe sharpness of tbe results. To avoid this 
we made the experiment upon an animal (Cat 259)'* m which thirty-four days pre¬ 
viously the lateral column bad been severed on tbe left side at tbe level of tbe 10th 
dorsal vertebra The cord was then divided and prepared m tbe dorsal and lumbar 
regions, and the following results obtained — 


Cat (259) 

Cord cut for 
observation 
at 

Coid cnt for 
excitation 
at 

Stimulus 

Left 

Right 

Lat 

Post 

Lat 

Post 

4th dorsal 

1st lumbar 

1000 

0 

Trace 

40 

50 

38 

37 

40 

73 


Average of lateral on side of section . Trace, 

Average of lateral opposite to section 37, 

Average of posterior columns . . 51 

Tbe lateral column interruption with this intensity of stimulus, which from tbe 
mexcitable condition of tbe cord was practically minimal, is thus sufficient to abso¬ 
lutely block any transmission upwaids of nerve impulses generated in those fibres of 
that column which lie below in tbe excited lumbar region 


* In this animal, just before the experiment, it was found that there was spastic paralysis in the left 
hmd limb with diminished sensibility The knee jerks were equal and normally present On micro¬ 
scopical examination tbe lesion was found to bave destioyed the lateral column of the left side, the 
outer portion of the antenor column, and the dorsal two-fifths of the posterior column, while, on the 
right side, a portion of the posterior median was injured Of descending degeneration there was 
noted the posterior third of the left lateral and the median portion of the left anterior column Of 
ascending degeneration a section at the 5th dorsal showed degeneration in both posteio-median 
columns, extensive on the left side, hut only few fibres m tbe centre of the right column Left cerebellar 
and antero-lateral tracts degenerated 
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Section 10.—Summary oe Results 

It will be well now to express the general conclusions founded upon a companson 
of all these experiments, especially those involving the influence of intervening sections 
upon the cord electrical effects. 

I. If a portion of cord be severed by a dorsal and lumbar section from its connec¬ 
tions above and below, then stimulation of either lateral or posterior column at one 
end evokes electrical effects at the other, which are dependent for their amount on 
the unin terrupted structural continuity of fibres m the particular column excited , 
and the electrical changes are thus the index of the arrival at one end, of nerve 
impulses generated at the other, and propagated mainly along the fibres m each 
column. 

II If the stimulus used be minimal, then the interruption due to the section is in 
every case sufficient to practically abolish the effect; hence, with this stimulus, the 
nerve impulses aroused by localized stimulation of fibres, which are exposed m the 
section, are entirely confined to the particular column excited This is true, whether 
the stimulus be central or peripheral to the observed region, that is, whether the 
impulses are ascending or descending 

III If the stimulus be maximal, then a greatly reduced effect is still obtained, in 
spite of the interruption This effect is due to nerve impulses, which must at some 
period be conducted along indirect fibres outside the excited column Its average 
amount varies in the different Columns These amounts may be arranged m series as 
shown m the following table, m which the nature of the excitation and of the inter¬ 
ruption is noted, and the average effect evoked by maximal stimulation is given 


Character of 
impulses 


Column excited 


Ascending Lumbar end of cut posterior 


Descending 

Ascending 
Descending . 


irfT 


Dorsal end of cut posterior 

Dorsal end of cut lateral 
Lumbar end of cut posterior 
j Dorsal end pf cut posterior 
^Dorsal end of cut lateral 

Lumbar end of cut lateral. 


p* pi '; 1 




Column interrupted 

Effect 

Section of same posterior 

52 

Section of both, posteriors 

46 

Hemisection same side 

44 

Section of both* posteriors and lateral 


b of opposite side . . 

40 

f Section of same posterior 

35 

Section of both posteriors and opposite 


lateral .... . « 

32 

b Hemisection same side 

29 

Hemisection same side 

23 

f Section of both, posteriors and lateral 


\ of same side 

19 

Ditto , 

16 

f Section of both posteriors and lateral of 


\ .same side 

11 

f Hemisection same side j, 

0 

J Hemisection same side and seotion of 


'j posterior of opposite side 

0 

b Section of lateral same side 

0 
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IV The table just given indicates that the indirect path along which impulses are 
conducted from the excited end is not confined to the column, and suggests that the 
size of the effect evoked indicates the amount of indirect connection through cells with 
other columns 

V. The magnitude of the indirect effect evoked is greatest in the case of the 
lumbar excitation of the posterior columns, the afferent indirect connections leadmg 
upwards from this column are, therefore, either very numerous or offer little resistance, 
and spread largely into other regions 

VT The effect is still comparatively large when evoked by dorsal excitation of the 
interrupted posterior column. There are, therefore, indirect connections leadmg 
downwards towards the periphery, possibly the same to some extent as those just 
mentioned m V, but either less numerous or offering more resistance, or spreading to 
a less extent into other regions. 

VII The excitation of the dorsal end of the interrupted lateral column evokes 
electrical effects, hence indirect connections are thereby suggested spreading from the 
lateral column downwards into other regions; these, however, are less numerous or 
offer moie resistance than those mentioned in VI. 

VIII. The excitation of the lumbar end of the interrupted lateral column evokes 
no effect, hence all the channels in this column, by which impulses could pass 
upwards, are absolutely confined to the column. 

IX The striking feature of the preceding conclusions is that the connections of 
the fibres of the posterior columns are framed on a different plan from those of the 
laterals The posterior column fibres spread into other columns both as they ascend 
and to a less degree as they descend ; the lateral fibres, however, spread into other 
columns particularly as they descend. The posterior columns offer thus special 
facilities for conveyance and distribution of afferent impulses, the lateral special 
facilities for the conveyance and distribution of efferent impulses 

It will be remarked that the conclusions j ust suggested as to the relations of the 
columns are in accordance with the views of Sohiit, “ die Hinterstrange bis ms Him 
hin em bilden die Legislative, die Turck’schen Bundel erwecken die Exekutive ” 

In conclusion, we draw attention to the general indications as to the structure of 
the cord which the whole of these experiments imply. 

Since the electrical effect obtained by the “ minimal ” stimulation of the cut end of 
one column is apparently due to the excitation of the direct fibres in that column 
only, the average amounts obtained m the case of the different columns is related 
to the excitabdity and number of the fibres contained. As regards the excitability 
of the direct fibres in different columns, there is no reason for supposmg that these 
direct fibres, which have no connection with cells between the two ends of the experi¬ 
mental tract, are m any marked degree more excitable m one column than m another. 
The amount of the “minimal” effect must therefore depend upon the number of fibres 
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excited, and a comparison of the amounts m the two columns would thus give a 
rough estimate of their comparative number 

In the Cat the effects up and down evoked by the minimal excitation of the 
posterior column are 92 and 74, that is an average of 83 , those smnlaily evoked by 
minimal excitation of the lateral column are 42 and 55, giving an average of 48 
Hence we infer that the direct fibres m the Cat between the dorsal and lumbar 
regions are nearly twice as numerous m the posterior as m the lateral columns In 
the Monkey similar averages aie 31 for the postenor and 75 for the lateral, hence m 
this animal we infer that the direct fibres are at least twice as numerous m the lateral 


as in the posterior column 

In both animals “minimal” excitation of the anterior columns at one end of the 
experimental tract evokes a doubtful effect at the other end, and we infer that there 
are few, if any, directly continuous fibres leading in these columns between the mid- 
dorsal and the lumbar regions. Indeed, the cord may be divided m its anterior 
region* without in any way interfering with the production of electrical effects, either 
on the peripheral or central side of the division Furthei, the application of more 
intense stimulation to the anterior columns although producing local movements evokes 
no constant electrical effects, the only results ever obtained being either with the use of 
considerable intensity of stimulation or with the animal but very slightly etherised. 
In these last cases, the magnitude of the local movements renders any strict localisa¬ 
tion of the stimulus upon the deeply situated anterior columns impossible , any results 
obtained under such circumstances we therefore rejected as absolutely untrustworthy 

It must be borne in mind that in all the preceding experiments a degree of 
anaesthesia was used, with which no violent movements were caused by any of the 
stimuli employed. How far the relations of one column to another can be detected m 
the unanaesthetised animal by the employment of similar methods to those now used, 
does not seem to us a question hkely to yield fruitful results by its attempted 
solution. The nervous impulses generated by the direct stimulation of fibres are 
undoubtedly far more intense m their character than those which form the flow of the 
sensory and motor processes in the normal animal. This is especially true when the 
fibres in the posterior roots and the cord are subjected to external stimulation, possibly 
because some mitigating influence of the cells m the postenor root ganglion is removed. 
Hence, when such external stimuli are used, it is desirable that these should be of the 
weakest character consistent with obtaining definite results, and that the animal 
should be in a state of narcosis sufficiently profound not merely to cause complete 
insensibility to pain, but the abolition of all violent reflex movements. 

The conclusions as to the conduction of nerve impulses m the cord of the Cat and 
Monkey, to which the study of the foregoing experimental details has brought us, are 
^true when these impulses are generated m the mode hitherto employed, viz , that of 


% Vv y tsjj * 

efcperim&iats mil be published m detail in a later communication m which, we shall 
anterior columns 


specially 
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electrical excitation of the fibres of the cord itself. We have, however, used for the 
sake of control, a method which did not involve such stimulation, that, namely, of inject¬ 
ing a dose of a 1 per cent solution of acetate of stiychma sufficient to ensuie toxic effect 

Under those circumstances, whether the upper or lower end of the experimental 
tract is connected with the galvanometer, marked electrical changes, evidently 
excitatoiy, are produced whenever by touching the afferent neives of the experimental 
tract a strychnia convulsion is evoked Hence the impulses thus generated m the 
cells of the cord pass both up and down along the neive fibres. As to the ch an nels 
m which they pass, we can only say that since a section of the whole ventral or 
anterior portion of each half of the cord did not sensibly dimmish the amount of the 
electrical changes, whilst a section of the whole doisal or posterior portion of each 
half of the coid did notably dimmish the amount, it would seem that these channels 
along which the discharge of the cells passes are situated m the dorsal half of the 
cord, that is, m the postenor or dorsal third of the lateral columns, the posterior 
columns, and the posterior horns 

In another experiment of the same general kind, we divided the upper end of the 
cord into two halves, dorsal and ventral, as described m the method of operative pro¬ 
cedure (Chapter III, Section 2.) We then connected each half with the galvano¬ 
meter electrodes, and observed the amount of the electrical changes m each during 
strychnia spasms The changes in the dorsal half were very much more marked than 
those in the ventral (anterior) half, thus not only confirming our previous conclusions 
that the nerve channels by which the impulses were conducted were situated in the 
dorsal half of the cord, but also suggesting novel considerations as to the source and 
direction of discharges of nerve energy m the cord (See Chapter XI) 

This experiment being rather framed to control our method than to ascertain 
channels of discharge, must not however be considered as conclusive. 

Finally, it will be noticed that we do not attempt to differentiate between the 
different columns of nerve fibres which are situated m the lateral column, dnect 
cerebellar, antero-lateral, pyramidal, &c 

We will now pass on to consider the electrical changes evoked m the cord, not by 
stimulation of its own fibres, but those of its neives 
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CHAPTER IX —ON THE ELECTRICAL EFFECTS EVOKED IN THE SPINAL CORD BY 

EXCITATION OF THE LUMBAR NERVES 

■Introductory- 

Results of Preliminary Expenments 

■Present Knowledge as to the Conduction of Afferent Impulses by the Spinal Cold 
■Anatomy of the Lumbar Plexus in the Cat and Monkey 
■Method involving Intervening Sections 
■Influence of Hemisection 
■Section of Posterior Columns 
A Both Columns 
B Column same side as Neive 
C Column opposite side to Nerve 
D Section some time previous to observation 
Section of the Lateial Columns 
Summary of Results 

Section 1.—Introductory. 

The presence of excitatory processes in the bundles of nerve fibres which compose 
the spinal cord is characterised, as the experiments detailed in the preceding section 
have shown, by very definite electromotive changes It is thus possible to extend 
the field of enquiry which the estimation of the amount and character of these 
changes has opened up, so as to embrace not merely the relations of the fibres m one 
portion of the cord to those m another portion, but the relations of these to the 
entering and issuing nerves. The importance of obtaining some definite data with 
reference to these questions will be obvious when it is remembered that there is 
hardly any subject m which the evidence is at Once so conflicting and so unsatis¬ 
factory as that of the paths by which afferent and efferent impulses travel from and 
to their respective nerve roots If the present method of observing the excitatory 
electromotive effects is a trustworthy guide to the presence and amount of nerve 
impulses in the particular region connected with the galvanometer or electrometer, 
then there is every hope that its application m experiments, designed to show the 
relations now referred to, will he one from which definite results may be expected 
How far this is borne out the following experimental details will indicate, but it may 
he at once stated that the procedure has not belied its promise, and that, by applying 
still more accurate and. delicate methods of the same kind, there is every reason to 
suppose that in the future results still more definite will he obtained, and that the 
actual differentiation of the afferent from the efferent fibres m their course through the 
hulbo-spinal system will thus he arrived at. In this manner another method will be 
secured for research into the anatomy of the central nervous system 
“W’P iuust again note that there are two considerations concerning the functional 
ofi any excitatory process in the cord, that of pure conduction in fibres, and 
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that involving the activity of the corpuscles If, then, on excitmg a mixed neive it 
be found that excitatory processes are present m a distant portion of the cord under 
investigation, these may be due to— 

(1 ) The propagation ot these processes from the point of stimulation along direct 
and continuous nerve fibres which pass into the cord and on through the investigated 
region , 

(2 ) To the refiex discharge of interposed cells in the cord, brought about by the 
arrival of excitatory processes which, having travelled up the neives from the pomt 
of stimulation, have entered upon paths ending m cells These cells being thus 
awakened, themselves start nerve impulses which travel on up the cord, and, reaching 
the investigated area, produce the obsei ved electrical effects , 

(3) To the mixture of effects produced by impulses both m direct paths and the 
indirect ones just described 

It must, therefore, be borne in mind throughout the present research that these 
different causes may be operating m the production of the electrical effects observed , 
hence, one of our first experimental enquiries was to endeavour as far as possible to 
discriminate between the effects referable to the direct fibres actually excited, and 
those which were related but indirectly with these fibres, being primarily associated 
with channels connecting the area of investigation with corpuscular .mechanisms m the 
coid 

This we have attempted to do by employing such a low intensity of stimulation as 
should m any particular degree of narcosis be sufficient to evoke nerve impulses, as 
evidenced by electrical changes, and, at the same time, not so intense as to arouse 
any sign of reflex movement. The weak impulses thus generated in the excited nerve 
presumably pass for the most part, if not entirely, along direct nerve fibres m the 
cord which are not in relation with nerve cells before arriving at the region observed 
(mid-dorsal), the evidence to be detailed later strengthens this presumption 

The subject matter now dealt with really comprises the whole question of the rela¬ 
tion of the bulbo-spinal system to the lumbar nerves It is obvious that this relation¬ 
ship is one which may be discussed under three heads according to the particular part 
of the nerve tract under observation. 

Fust, the characters of the nerve impulses which pass along the channels of the 
cord after entering it by its nerve roots , 

Second, the characters of the nerve impulses which, aroused by excitation of the 
channels of the cord and passing out into its nerve roots, descend along fibres of 
the mixed nerve, 

Third, the characters of the nerve impulses which enter and leave the cord by 
virtue of its so-called central structures and their various connections* 

Of these three groups, the first alone will be treated of m the present chapter, the 
second and third being reserved for Chapters X and XI. respectively 

3 a 2 
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(Section 2 —General Pl\n and Results of Preliminary Experiments 

The experiments to be referred to m tins chapter were made upon both Monkeys 
and Cats, and all involved the following operative procedure The spinal cord of the 
etherised animal was exposed in the lower dorsal region, it was then divided and 
prepared on the peripheral side of the section for 4 centims , so that the upper end of 
this lower fragment of coid could be raised from its canal and attached to the cables 
of the non-polansable electiodes as described in the previous sections The galvano¬ 
meter circuit was then brought by one electrode into relation with the cross section 
of the cord, by the other with a ring of longitudinal surface at about a centimetre 
distance (See Plate 29 ) 

The two sciatic nei ves were now exposed and divided, so that they could be raised 
and the central end placed, when desired, upon a pair of platinum electrodes (see 
p 301 and fig 3), precautions being observed m their preparation with respect to 
maintenance of circulation, drying, &c , as indicated at length m Chapter III. 

If the large and persistent restmg electrical difference between the cross section and 
surface of the cord be balanced, and the galvanometer needle thus brought into its zero 
position, then on exciting the central end of eithei sciatic nerve for 5 seconds with 
the interrupted induction current (Helmholtz side-wire), an electrical change occurs in 
the cord, the surface contact becoming gal vanometrically negative to the cross section 

On the cessation of the excitation, the needle lapidly returns to its original point 
and, m most cases, then continues to slowly move to a position upon the opposite side 
of the zero, thus indicating that the excitatory negative change only lasts as long as 
the excitation, but is succeeded by a more lasting after-effect of opposite sign. This 
increase m the restmg difference has been already alluded to in Chapter IV Errors 
due to any electrical escape are immunised by the nature of the excitation, and the 
position of the galvanometer electrodes (see Chapter III, Section 4), moreover 
convincing proof that the effect is truly an excitatory one is afforded by the following 
facts.—• 

(1 ) A similar negative change occurs when, with the sciatic nerve uncut, the skin 
over the foot is pmched with ivory or touched with a hot glass rod ; 

(2) A sudden change of small amount’, but similar in sign, is produced when the 
nerve is mechanically excited by a ligature, cut, &c.; 

(3.) Very pronounced effects of similar sign occur when, after injection of a few 
drops of a 1 per cent, solution of strychnia acetate, the nerves connected with the 
lower part of the cord are mechanically excited 

- The electrical change m the cord is thus excitatory, and its resemblance to that in 
nerve warrants the presumption (sebp 277) that it is due to the passage of excitatory 
impulses along nerve fibres present m that portion of the cord with which the 
- gllvgabmeter is connected. 
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Ethei isation. 

These nerve impulses may, as before stated, have two direct somees of oiigm, 
namely, the excited mixed nerve or the grey matter in the cold, which the arrival of 
afferent impulses may have thrown into tunctional activity They may be conducted 
along dmect fibres from the lumbar nerves to the doi sal cord or to central mechanisms, 
and from these either along continuous fibres to the area observed or along shoit 
intern uncial fibres to other cellular mechanisms, and so again to others and thus finally 
leach the area 

That the change is due to the presence in varying degiees of all these three factors 
is extremely probable from anatomical considerations, since Gaule'* has shown that 
the number of fibres in the Frog’s cord can be satisfied by such a triple arrangement 
It is, moreover, clear, from the influence of piofound etherisation upon the electrical 
change, that, when an adequate strength of stimulus is employed, the galvanometric 
effect vanes in amount with the pronounced or slight character of the visible reflex 
effect This has been already referred to (p 372), but its importance m connection 
with the subject of this section warrants the introduction of some experimental 
details. We therefoie give as examples the following —In one case, on exciting 
the sciatic of a profoundly etherised animal (Cat) with a weak but adequate 
stimulus for 5 seconds, the galvanometric cord effect was 76 scale; the animal was 
then less etherised and the effect was 220 scale On again deeply etherising the effect 
with the same excitation sank to 130 ; upon the ether being then more or less removed, 
the excitation produced an effect of 200, whilst on renewed profound etherisation 
this was only 80 In all these cases very feeble reflexes or none were observed in 
the profoundly etherised animal, but the reflexes were well marked when with ]ess 
narcosis the larger electrical changes were noted. 

These differences evidently point clearly to the fact that the electrical change may 
not only be that due to the transmitted nerve impulses up direct tracts, but also to 
the presence of interposed cellular mechanisms and their susceptibility of response 
to the arrival of afferent impulses. In Chapter III we have discussed the value 
of the use of ether as a means of discriminating between the functional activity of 
fibres and of fibres plus cells, to that chapter we refer the reader, merely remarking 
now that we must not lose sight of the fact that etherisation, especially when very 
profound, may affect the nature of the excitatory processes m the nerve fibres them- 
selves, as m the experiments made on the nerve of the Frog by Biedermann with ether 
vapour The differences between effects obtained with unvarying intensity of stimulus 
but different degrees of narcosis are practically the same as those obtained with 
different strengths of excitation and unvarying but not too profound anaesthesia. 

* GrAULE, ‘ Abhandl. Math -Physik Classe d Kgl Sachs Gresellsch. d. Wiss 1889 (vol 15, No IN , 
‘ Neurol Centralblatt,’ vol 9, p 3 
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Relation of Effect to Strength of Stimulus 

To ascertain this relationship, the practice we employed was to use an initial 
strength of stimulus which was just sufficient to produce a cord electrical effect when 
applied to either neive with the animal efficiently narcotised, then to follow with a 
stimulus of double that intensity, and observe the nowjmcreased value, and finally to 
proceed by doubling the strength of stimulus until a point was reached when the effect 
was only slightly altered Such an experiment is the following one made upon the 
Cat An initial excitation for 5 seconds with the secondary coil at a distance of 500 
(see Chapter III on experimental method and apparatus) gave a coid effect indicated 
by a galvanometric deflection of 65 ; similar excitation of twice the intensity, 1000, 
gave a cord effect of 122, and an excitation of four times the intensity, 2000, gave a 
cord effect of 152. In the Rhesus Monkey a similar result was observed, thus an 
initial excitation for 5 seconds of the sciatic nerve, with the coil at 2000, gave a cord effect 
of 32 (galvanometer deflection), whereas twice the intensity of stimulation, 4000, 
gave 60, and thiee times the intensity, 6000, gave 78 These selected individual 
examples furnish data which are strictly m accordance with the average effect as 
deduced from all the observed instances which occur m our experimental records. 
Thus if we select all the unexceptional readings of galvanometric cord effects obtained 
in both Cat and Monkey with the initial stiength of stimulus, the average of seventeen 
is 56, similar readings (twelve instances) with twice this strength of stimulus give 
an aveiage of 100 , whilst the average of sixteen instances with four times the initial 
strength is 168 It is thus evident that the cord effect increases with the intensity 
of the stimulus at first in direct proportion to the strength, but afterwards m one 
less directly related with this factor. A point is ultimately reached at which no 
increase, but a decrease, in cord effect occurs This, it need hardly be said, is partly 
dependent upon the damaging effect of the stronger exciting current upon the 
stimulated nerve, and partly upon the fatigue of the cord cells through the arrival m 
the cord of the very intense nerve impulses evoked by the strong stimulus. In these 
experiments, as in all others to be referred to m this section, the number and 
characters of the successive stimuli employed were the same m each case (See 
Chapter III. Section 3 ) 

It is remarkable how dose the amounts of the different cord readings obtained in 
various individuals of one species are to one another, and how often, especially m later 
experiments, the initial intensity of stimulus required with different nerves and different 
an i mal s was the same {5 60 coil), thus showing the similarity of the narcosis. We may 
here draw attention to the mi nim um -and maximum effect obtained in the Cat, the first 
with the coil at 1Off and the second at 20ffff , the minimum being 20, the maximum 340. 
So % then as the relation between the size of the cord effect and the strength of the 
^p^timuhisas concerned, there is a strong resemblance between a nerve-to-cord 
electrical change and that in a nerve; the ether effect before-mentioned 
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indicates, however, a difference, since we have not as yet observed in the Cat or 
Monkey any such very marked change m the excitatory effects m purely nerve 
preparations as definitely dependent upon the degiee of etherisation 

The absolute determination of the true character of the minimal cord effect, and the 
question to what extent it is to be consideied as entnely due to the propagation of 
nerve impulses along direct and continuous paths, unmixed with impulses geneiated 
m nerve centres, might be settled by accurate experimental observations upon the time 
relations of the cord electrical change, particularly the time of its development 
relation to the seat of nerve excitation Such an enquiry would doubtless involve the 
use of Bernstein’s differential lheotome, since the small size of the minimal effect is a 
serious objection to the use of the much simplex method of recording by photography 
the movement of the meniscus of a capillary electrometer 

It may be mentioned incidentally at this point that the cord effect evoked by a 
single electrical excitation of the sciatic nerve was, however, sufficiently pronounced to 
cause a distinct movement m the mercury of our capillary electrometer The move¬ 
ment when magnified 300 times was just visible with a weak stimulus (coil, 500), and 
was quite marked with a maximal stimulus (coil, 2000) It was always a single move¬ 
ment, but appeared to the eye rather more prolonged m character than that which 
was obtained m the case of the single nerve effect as displayed m the photographs of 
our former paper * 

It may be asked at this juncture upon what evidence we assume that the effect m 
the cord, following the excitation of the sciatic nerve, is due solely to the arrival therein 
of nerve impulses which have travelled up posterior or afferent fibres. The evidence, 
which is supphed in full detail (in Chapter XI.) upon the relations of the nerve fibres 
and the nerve cells, shows that no electrical changes appreciable by the galvanometer 
can be produced in the cord by even strong stimulation of the anterior or efferent 
roots 

It is thus clear that stimulation of the sciatic nerve generates nerve impulses which 
enter the cord by the posterior roots only, although, owing to our ignorance of the 
influence of the spinal ganglion, it canDot be assumed that the impulses are the same 
m character as those generated by excitation of the posterior roots themselves We 
may now pass on to the consideration of the object of our experiments 

The object of the investigation will be best set forth by considering the present 
position of our knowledge of the relations of the spinal cord to the lumbar nerves, 
and particularly to the afferent fibres of those nerves For if we are justified 
m assuming that the electrical effect observed in the cord is due to the passage of nerve 
impulses, and their arrival at the portion of the cord under observation, then, since 
the method of observation is one which furnishes us with quantitative data, its 
employment places withm the experimenter’s grasp a means of ascertaining to what 
extent these impulses can be interrupted by definite section of any one tract of cord 

* Roy, Soc Proc bo at 
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fibres, and thus of indicating "which groups of fibres m the cord form the chief 
channels of conveyanceand the value of this method will be manifest when the 
character of those previously used and the conflicting nature of their results, have 
been placed before the reader 

Section 3 —Our Present Knowledge as to the Conduction in the Cord of 

Afferent Impulses 

We have already refened m Chapter II to Ihe investigations made by previous 
experimenters in order to determine the paths of conduction m the spinal cord It 
will, however, be advantageous to select the most typical of these experiments and 
discuss their results, m older that the scope of these methods, together with those 
excellencies and deficiences which each possesses, may be clearly m the mmd of the 
leader, before the uses of that which we advocate and its results are entered upon. 

The various methods may be grouped as anatomical and physiological 

I Anatomical 

The posterior root fibies have been traced into the spinal cord, and a considerable 
number* (according to Kolliker the majority) of these have been seen to divide and 
send branches up and down the cord The further course of these fibres has up to 
the present been traced only by the method of degeneration 

(a.) It has been ascertained that when, in consequence of section of a lumbar 
posterior root, the fibres upon its central side degenerate, the degeneration is con¬ 
tinued in certain regions of the posteiior column of the same side, such degeneration 
up to the present only being seen m parts above the entering root. In other words, 
the degenerated fibres piesent m the posterior root are represented in the cord above 
the root by certain fibres in the posterior column of the same side These fibres are 
believed to be the direct continuation of some of the fibres m the root; they are situated 
in the postero-external column at first, but gradually shift towards the middle line as 
they ascend, and ultimately occupy a definite portion of the postero-median column 
In addition to these fibres which appear to have a continuous course up the posterior 
columns of the cord, there are others which show degeneration only m the immediate 
neighbourhood of the entry of the root, these are situated m the posterior root zone 
and in the marginal zone, as well as in the postero-external column They are 
characterised by only occurring m that portion of the cord which lies above the 
root, and by being all on the same side of the cord* as the lesion Hence these 
fibres, whilst in direct continuity with fibres m the root, either end (Koll iker ) 

i i 

/•'*' Gofeoi- c Anat. Ajizeiger, 5 veil. 5, pp 10, 14. R>amon- y Cajal ‘ Trabajos del Laboratono Anatdmico 
de Medfcina,’ Barcelona, Abril, 1890 Kolliker “ Ueber den feraeren Baa des Ruoken- 
I’f 4#^^lA%Wigsteriebte d Wurzbnrger Pliys -Med Gresellscbaft,’ 8 Marz, 1890 
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or come into relation with cells shortly after entering 1 the cord, the degeneration m 
consequence ceasing This cessation of degeneration is indicated by the numerical 
superiority of the degenerated fibres in the posterior roots over those in the posteiioi 
column, and above all the postero-median column. As far as it goes the evidence 
itself afforded by this method is fairly conclusive, whatever other channels theie may 
be, undoubtedly the above-named do exist, and thus the posterior column of the same 
side offers a, direct tract up which some nervous impulses undoubtedly not only 
can, but do, pass 

(b ) A similar investigation applied to the cord, since it determines all the fibres 
m which degeneration is seen above the level of a hemisection, carries us a step 
further than the above method In this not only the fibres just indicated in 
the posterior column degenerate, but all the through fibres from every loot below 
on the side of the hemisection Further, it marks out all fibres which have their 
nutritive or developmental centre, not m cells in the ganglion on the root, but m cells 
situated in the cord below the section Such fibres now seen as degeneiated above 
the lesion are grouped mto two parts of the lateral column, the antero-lateial, and the 
direct cerebellar. Except that the former is much more diffuse, the degeneiated fibies 
being scattered about among other sound ones, there is little to distinguish the 
character of these two groups except then situation They both appear to have 
similar terminal connections, at any rate, on the cerebral side They are both 
characterised by containing fibres of very variable length, many of which appear after 
a shorter or longer distance to again come mto relation with nerve cells, so that in 
these the degenerative change ceases The characteristics of these tracts are, there¬ 
fore, twofold; they appear to afford not only a direct connection between certain cells 
m the cord (Clarke’s column, &c ) and the peduncle of the cerebellum of the same 
side, but also a senes of mternuncial connections, by means of which cells at variable 
distances are brought into relation with each other 

The tracts which degenerate on the peiipheral side of a hemisection are foreign to 
the purpose of the present chapter , one, however, may be mentioned, the so-called 
“ comma-shaped ” patch in the ventral part of the postero-external column, since it 
is in all probability a tract of ascending fibres which are looped downwards, the 
degeneration corresponding with the loop.* 

As far as this evidence under (6) goes it is not so direct as that in ( cc ). It is 
conclusive as showing that, if there be crossing of any of these tracts from one side 
of the cord to the other, such crossing must occur by means of cells, smce the 
degenerative change does not cross. It is further conclusive in showing that there 
are continuous nerve fibres in these two situations. It is not conclusive as regards 
the physiological characteristics of the fibres, since in anatomical evidence, as in cir¬ 
cumstantial evidence, every link of the chain must be present for the evidence to he 

* Possibly these fibres are tbe descending branches of the bifurcating posterior root fibres, cf espe¬ 
cially Kolliker 

MDCCCXOI,—B 3 a 
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complete The essential link, that of connection with the posterior roots, the fibres of 
which convey afferent impulses, is, however, wanting It is, notwithstanding, highly 
probable that these paths (direct cerebellar and antero-lateral), are to be classed as 
afferent from the resemblance m extension of the degeneration to that present m the 
fibres of the posterior columns 

There are many considerations connected with growth, development, &c, which 
suggest that ascending degeneiation is the charactenstic of afferent, and descending 
degeneration of efferent tracts m the spinal cord, m other words, that the centres of 
growth and nutrition are also the centres of functional activity, and, therefore, m 
consequence of an inteiruption, that loss of functional activity and loss of nutrition 
both occur in the part on the distal side of the breakdown The fact, however, that 
the cells m the ganglion on the posterior root exeicise this nutritive function on the 
nerve fibies on both sides, although explicable m consequence of developmental rela¬ 
tions (His) must cause some hesitation as to the propriety of accepting, without 
reserve, the principle that the direction of the degeneration coincides with the direc¬ 
tion of the function What has happened m the development of the postenor root 
fibres may possibly have also occurred m the case of some fibres m the cord More¬ 
over, it is conceivable that even with this relation between nutrition and function, 
ascending degenerative changes might occui in fibres which ought to be classed as 
outgoing, since they would lie as much on the efferent side of the central nervous 
system as do those of the pyramidal tract Such fibres would be long internuncial 
fibres, connecting the kinesthetic system of the lowei (lumbar) centres with the 
efferent side of a similar system of the upper (or cervical) legion. It is conceivable 
that such long internuncial fibres exist, and, if so, then impulses which subsequently 
become motor are conveyed by them These impulses, although afferent m the sense 
that they are actually travelling up the cord, are analogous m character with all the 
motor or outgomg impulses, since they occupy that relation to the centres from which 
they started 

"Without insisting on these hypothetical fibres, we may again point out that the 
anatomical evidence becomes vague when some of the links in the chain aie wanting, 
hence all conclusions founded upon it must be used with the greatest caution. The 
facts which it surely evidences are— 

1. That there are continuous fibres m the cord 

2 That these fibres do nob cross from one side of the cord to the other 

3. That a small proportion of those situated m the posterior column are in direct 
connection with those entering the cord by the postenor roots 

H. Physiological. 

^ i 

, f ^ ^ urri now fhe method of physiological experiment, there is hardly any 

W ^hoje r§alm of physiology upon which such divergence of experimental 
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result and interpretation exists as that of the relations between the columns of the 
cord and the passage of afferent impulses 

The contradictory facts set forth m the various papeis on this subject are sufficient 
to justify the belief that many of the experiments made must haie involved the 
presence of some factor of capricious character and uncertain action, common to most 
of them, and that the conclusions which the various experimentalists have drawn from 
their results aie all vitiated by its piesence 

When such a fundamental mattei as that of the extent to which the afferent path 
lies on one or the other side of the coid is answered so differently that, according to 
one set of investigators (Brown-S;equard, Terrier, &c ), it is wholly crossed , 
according to others chiefly crossed (Woroschilofe, Miescher, &c), equally uncrossed 
and crossed (van Deen, Stilling-, &c), chiefly unciossed (von Bezold, Mott), wholly 
uncrossed (Chauveau), it is plain that the method adopted is at fault and is quite 
inefficient for the puipose of detei mining the extent to which paiticular tiacts m the 
cord are concerned with the passage of impulses. The reason why the different 
results of foimer mvestigatois are so conflicting' may, we think, be gatheied by the 
caieful study of the experimental method in two of the most elaborate of the series 
of investigations just referred to, those, namely, carried out in Ludwigs Laboratory 
by Miescher''' and Woroschilofe + 

Although the expenments are "well known to physiologists, we think it necessaiy 
to allude m a little detail to their character Both sets of expenments were earned 
out on Babbits, and in both the method consisted m the production of an intervening 
localized destruction of a portion of the spinal cord, and m then ascertaining what 
changes this destruction produced in the reaction of some more central portion of the 
nervous system of the animal to the stimulation of the afteient nerves of the distal 
portion The reaction observed was, however, diffeient m the two cases, it being m 
Mtercher’s experiment the rise of blood pressure due to the activity of the so-called 
vaso-motor centre of the medulla being awakened , m Woroschiloff’s, the movement 
of the upper limbs of the animal, due, as he believed, to the awakening of a convulsive 
centre in the medulla The index used by Miescher bemg the amount of blood 
pressure, had the great advantage that it varied with the strength and duration of 
the afferent stimulation, and thus a quantitative comparison between the results of 
two series of stimuli was possible, and it is, perhaps, due to this that the facts have 
been held as affording data of so cogent a character They show first that the 
reaction of the centre, as indicated by rise of pressure, is very largely reduced when 
the lateral column on the opposite side of the cord to that of the excited sciatic nerves 
has been divided; and second, that when a complete intervening division of the 
cord, with the exception of one lateral column, is made, the reaction still persists, 
being most marked when the distal nerve on the side of the complete section is 

*«Bor d Sachs Ges d. Wiss, Math -Physik Cl, 5 1870. Also ‘ Arheiten a d Phys Lah Leipzig 

t 1 Ber d Sachs Gcs cl "Wiss, Math -Physik 01, vol 26, 18*4. 
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stimulated. From this it was concluded that the spinal path for those afferent nerve 
impulses which, proceeding up one sciatic nerve into the cord, subsequently reached 
the vaso-motor centre, was chiefly contained m the lateral column of the side of the 
cord opposite the nerve The expeiiments of Woroschiloff extended these, and 
showed that movements of the upper limbs could be only aroused m response to 
stimulation of the skin of the lower limbs, provided that the lateral columns were 
intact, that destruction of the continuity of other portions of the cord aid not notably 
influence the leaction , that when one lateral column was divided, the skm stimulation 
on the side of the lesion produced a greater reaction than that on the side opposite 
the lesion , -and that when the whole cord, with the exception of one lateral column, 
was divided, the stimulation of the skm on the side of the intact column, produced a 
much less reaction than did that of the skm on the opposite side From t his last 
experiment, Woroschiloff assumed that, since the impulses were transmitted from 
the lower to the upper portion of the cord by the bridge of fibres in the intact lateral 
column, they travelled throughout along such fibres in one continuous path, keeping 
entirely to the lateral column. The difficulties involved m this assumption, and the 
unsatisfactory character of the experiments, are ably set forth m a recent edition of 
Foster's physiology, to which the reader is refeired.* The conclusions, therefore, to 
which Woroschiloff arrived were that afferent impulses were transmitted entirely 
by fibres contained m the lateral columns , and that by far the chief part weie trans¬ 
mitted by the fibres m the lateral column on the opposite side to the entering nerve 
By his first conclusion, he therefore placed both the posterior columns and grey 
matter out of court, although the former must convey at any rate some impulses 
since they contain a considerable number of the posterior root fibres, whilst there being 
no means for the impulses to cross over from the entering roots to the lateral col umn s 
of the opposite side, except through the grey matter, this latter is assumed to be m 
operation by the second conclusion 

Apart from the contradictions involved in this interpretation of these two sets of 
experiments, the results remain as definite phenomena. In seeking to ascertain their 
true meaning, it is essential to realize all the conditions of the experimental procedure 
Now, of all these conditions, the one which is the most important is that connected 
with the experimental necessity of evoking definite reactions 


These reactions, whether of vaso-motor, convulsive, or other centres, are pro¬ 
foundly influenced by anaesthesia. It is certain that m the unanaesthetised animal 
the centres are largely affected by the functional discharge of other centres, and that 
this influence, although by no means abolished, is diminished by narcosis In all the 
experiments of Miescher and Woroschiloff no complete anaesthetic was employed, 
animals being in MieScher’s investigations simply curarised, and in Woro- 
fixed in a suitable holder. 

‘ Test-hook of Physiology ’ yol. 3 o 189. Also ‘Arbeiteua d Physiol InstLeipzig, 
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This being the case, the whole series of experiments are m reality a demonstration 
of the extent to which one complicated reflex act is influenced by the awakening in 
the entire nervous system of a whole series of reflex discharges The uncertainty 
which must attend such a method may be lllustiated by the following experience of 
ourselves It often happened in the experiments described m this paper (all of 
which were perfoimed under an anaesthetic), that after not merely complete section, 
but absolute removal of a piece of cord 1 centim long m the mid-dorsal region of the 
Cat or Monkey, mechanical irritation of the sciatic nerve, and especially of the posterior 
roots, caused not merely movement in the upper limbs, but of the head, &c, also 
This effect was an indication that the ansesthesia had become too slight, and it was 
immediately abolished on making the latter rather more profound We convinced 
ourselves that the mechanism of its causation consisted m first a reflex of the lower 
limbs, and that this movement dragging on the trunk aroused a reflex m the upper limb s 
by pulling on the nerves of the upper fragment of cord, which m the neighbourhood 
of the section was in a hyperexcitable state The afferent impulses thus started now 
evoked general movements by discharging the higher centres The movements of the 
lower and upper limbs often followed one another so rapidly that the eye was unable to 
distinguish between their time of commencement, m some cases, however, particularly 
when the narcosis was increased, the delay between the two was quite plain, and every 
stage might be observed. Of what value, therefore, as regards the question of conduc¬ 
tion m the continuous tracts of fibres m the spinal cord are the results of experiments 
m which the animal is under no ansesthetic at all, for the employment of curare 
by Miescher did not provide for the adequate exclusion of reflex centres such as can 
be obtained by the use of ether. Indeed, Miescher’s method depended upon the 
maintenance of the functional activity of the reflexes It seems to us, therefore, that 
this is the crucial point of the whole position, and accounts for the capricious character 
of the results of different observers as dependent upon different methods of investi¬ 
gation The index for the arrival of nerve impulses from one side of a block m the 
cord to the other has always been a reflex oue, and it is essential for its proper 
woikmg that the leflex centres should be m an excitable condition. Since the experi¬ 
ments involve operating on the cord and the examination of the animal m the 
unansesthetised state, within a short time of the operation there is every opportunity 
for abnormal conditions of the other centres (m consequence of the procedure), to 
influence the result; such influence is so certain from the state of the animal that the 
results really determine, not the localisation of afferent fibres in the cord, hut the 
extent to which the operation has augmented or depressed the excitability of 
the successive central mechanisms, and the bridge by means of which the lower 
and upper parts of the coid communicate thus becomes chiefly a column of mter- 
nuncial fibres Moreover, almost all experiments done within a few hours of the time 
of operation lay themselves open to our further criticism, that it is possible for the 
reflex movement of the hind limbs and trunk to arouse by mechanical pull of the parts 
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aiound the seat of lesion, similar movements of the upper limbs That such reflex 
movements weie piesent in the case of Woroschilofe’s own experiments, is evident 
from the study of the account of those evoked m the animal after the operation 
had been made upon the cord Thus, m one of his expenments (VI), the animal 
(Rabbit), was subjected to an opeiation involving the division of the spinal cord m 
the doisal region, the whole cord being cut thiongh with the exception of the lateral 
tract of the left side On examining the animal an hour or two afterwaids, the right 
hind limb was found to be paialyzed, due to section of its efferent spinal tract, this 
efferent paralysis being confirmed subsequently by dividing the cold below the medulla 
and stimulating its distal cut section when only the left hind limb responded , 
notwithstanding this, pressure on either foot caused movements m both hind legs 
Now in this case the movement of the light leg must obviously be a reflex effect, 
having its central physiological seat in the lower fragment of the cord, and any 
arguments based upon the amount of movement of the respective limbs, must deal 
with the question as to the extent to which the section has heightened 01 depressed 
the normal excitability of the reflex centres in this lowei fragment But it is piecisely 
this question which it seems to us has not been sufficiently dealt with m the text, 
there being a tendency to treat the coid in an unansesthetised animal as if ODe of its 
mam physiological characteristics, reflex excitability, were m abeyance m the distal, 
though not m the proximal and cential portions The evidence cannot, therefore, 
be considered as adequate to wairant his statement “Meme bis clalim voigelegten 
Beobachtungen bestatigen und eiweitern die Angaben von Miescher, Nawrocki 
und Dittmar, denn von nun an smd wir dara.uf hingewiesen, die Bahn, welcbe das 
Gehirn mit alien Nervenwurzeln verbmdet, m dem Seitenstrange zu sucben ” 

The criticism just advanced is not a new one since it forms the basis of the 
objections of Chauveatj, Schief, and others Its cogency is increased by the discovery 
made by Fodera of kyperassthesia after section. The most important points in 
connection with this for our present purpose are those brought out by experiments 
made by Schife* before the observations just referred to. These were, that m many 
cases of hemisection of the cord there is not merely hyperaesthesia below the lesion on 
the side of the section, but heightened reflex excitability of tlie coid in the neighbour¬ 
hood of the lesion both above and below This hyperexcitability is less marked when 
the whole cord is divided, than when a bridge joins the parts above and below the 
lesion It has been found by MartinotttI that the hyperesthesia is particularly 
bound up with injury of a particular region in the lateral column, and it is attributed 
by him not to a direct increase in excitability, but to the removal of inhibitory, i e , 
depressant, influences by the section It may be pointed out that, as regards the 
nerve trunk, the experiments of Hering show conclusively that the increase of 

‘ I^krbveh. <L Pkysiol /186-9, 

n *** 11, VeTletTniLg des Balsmarkes, !> 4 Archiv f. Anat und Phy&iol ’ 
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excitability therein caused is m direct causal relation with the electiotomc effects of the 
resting or persistent neiwe cuirents produced between the cross section and the surface 
of the nerve trunk Since similar electrotonic alterations m excitability have been 
shown to exist m the case of the spinal coid, it is most probable that a direct increase 
would be produced by the very large restnig currents which (see Chapter IV ) 
have been found by us to be produced by cross sections of the cord. In this 
connection we may draw attention to the following striking phenomenon described 
by Schiff,*' and which m the progress of the present research we have had the 
opportunity of seeing ourselves We often saw that after complete section of the 
cord and the removal of a piece 1 centim m length m the region of the 8th dorsal 
vertebra, when the animal was asphyxiated on the completion of the investigation, a 
sudden prolonged discharge of the nerve centies m the lower portion of the cord 
occurred This revealed itself by the rising up of the tail of the animal, and its main¬ 
tenance m an erect position for one or two minutes The discharge and its effect then 
subside to be followed in two or three minutes by a second feebler one, and this hy a 
third still more feeble In addition to this it often happened that during an experi¬ 
ment on such a preparation, rhythmical discharges of the centres in the lower portion 
of the cord occurred after the section, evidenced by rhythmical contractions of the anal 
muscles This has also been noticed by several investigators 

Further, m one animal (Cat 325) in which the coid was divided at the 13th dorsal 
vertebra, although the tail phenomenon did not spontaneously appear, when the 
animal was asphyxiated, it was leadily evoked m full strength by slight stimulation 
of the skm of the tail 

These phenomena afford a striking instance both of the hvperexcitable state of the 
centres in the lower portion of the cord and of the capacity of these centres to 
discharge such a series of nerve-impulses as will produce sustained co-ordmated 
movements 

The difficulties thus involved m the experimental methods of Miescher and Woro- 
schiloff are to a gieat extent obviated by experiments m which, a given lesion of the 
cord having been made with all due antiseptic piecautions, the wound has been 
allowed to heal, and the animal examined carefully at varying intervals, from a few 
days to weeks and months, after the operation Such an experiment is that made 
by Ferrier! on the Monkey, in which a hemisection at the level of the 8th dorsal was 
followed by complete insensibility below, on the side opposite the lesion, to every 
form of sensory stimulus, whilst the sensibility on the same side remained unimpaired 
This experiment is similai to the paralysis on the same side, and anaesthesia on the 
opposite side, observed in some cases of injury or disease localised in one half of the 
spinal cord. Other observers, notably Mott j have, however, obtained results which 

* Schiff, Pflugeb’s ‘ Archiv,’ vol 30, 1883, p 202 

t Perrier, ‘ Brain,’ 1884 

t ‘ Proceedings of the Physiological Society.’ ‘ Proceedings of the Royal Society.’ 
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vary between partial accordance and complete opposition to tbe above. It is not our 
object to endeavour to reconcile tins apparently conflicting evidence, but we may 
pomt out that great difficulties are involved m the application of the tests necessary 
to determine the sensibility of animals In our own experiments, which have been 
made upon Gats, and which involved hemisection of tbe cord the application of the 
water and other tests to the skm indicated that the afferent stimulus was conveyed 
from both hmd legs up the cord, but with much gieater certainty, and, judging by 
the quickness in the evoked movement, with much greater intensity, on the uninjured 
side than on that corresponding with the lesion 

It is evident that the flaw m all these methods is the fact that, owing to the index 
of the aruval of impulses above the lesion being some movement, the cential struc¬ 
tures of the nervous system must be sufficiently excitable to be capable of responding, 
and the stimulus used must be intense enough to arouse discharges of sufficient 
magnitude to evoke definite muscular movements. 

Whilst the same flaw m the classical expenment is also present in the case of 
efferent tracts, its presence here does not produce such a blurring of the result, since 
the method can always be checked by a concluding experiment involving division of 
the cord below the medulla, and excitation of its distal poition, with observation of 
the amount and character of the movements of the lower limbs. Although acknow¬ 
ledging to the utmost the value and piecision of the experiments carried out m 
Ludwtg’s laboratory, we must express our conviction that, as regards the conduction 
of afferent impulses, they do not wairant the inference either that the lateral columns 
contain the fibres of the afferent tract to the exclusion of the grey matter and the 
other columns, or that the fibres which they do contain form a continuous afferent 
path, it being quite possible that those fibres which undoubtedly conducted at the 
pomt of section were merely acting as mternuncial links between distal and proximal 
portions of the grey matter. This latter was, by the exigencies of the method of 
observation, often, if not always, thrown into a state of abnormal excitability, and m 
the neighbourhood of the section this state was that of kyperexcitabihty 

It will be gathered from what has been said that the question of the relations of 
the fibres m the cord to the posterior roots can, in our opinion, only be arrived at by 
the use of a method which allows of discrimination between events taking place in 
the cord itself when, by means of complete anaesthesia, the activity of the reflex 
mechanisms is subdued. Such a method is that of ascertain in g the electromotive 
changes in a portion of cord following stimulation of the afferent nerves, since the 
ammal may be so profoundly anaesthetised as to give little or no reflex muscular 
eontraetiom, and yet distinct effects can be detected in the cord. It is because the 
eenhffisiOiQS to be drawn from our results clash so markedly with those of Miescber, 
WonosomLOFR, &c, that we have thought it necessary to preface their introduction 
into this section by this detailed criticism This divergence in the conclusions and the 
importance of the effective application of a method which besides the above advan- 
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tages has the greater one of furnishing ns with the results of cord changes expressed 
quantitatively, and, therefore, capable of strict comparison with one another, have 
combined to cause us to devote a very laige propoition of our experimental investi¬ 
gations to the subject of the present and the succeeding chapters The subject 
matter of the present chapter becomes, therefore, an answer to the question, to what 
extent aie the electrical changes m the cord, and hence the nerve impulses, of which 
these are the index, interrupted when between the stimulated neive and the observed 
region of the cord different intervening localised sections are made The principle is, 
therefoie, that of the experiments carried out m Ludwig’s laboratory, it is the index 
alone which is novel 

Section 4 — Anatomical Relations of the Lumbar Nerve 

Since in all the expenments which bear upon the relations of the spinal cord to its 
nerves the sciatic was chosen, it is desmable at this stage to refer to the anatomical 
relations which exist between this and the roots of the lumbar and sacral nerves 

These differ m the two sets of animals used, Cat and Rhesus Monkey, and as we 
are unable to find that the comparison of their anatomical and physiological lelations 
has been anywhere 4 ’' set foith, we must proceed to examine the case of each species 
of annual m a little detail. 

In the Cat the photograph of the plexus (Plate 35) shows that of the two branches 
of the sciatic nerve (I.P. and E P), internal and external popliteal, the former derives 
most of its fibres from the 6th, the latter from the 7th lumbar roots Since the 
portion of sciatic nerve which we used was that m the thigh, the fibres involved were 
almost entirely those derived from the 6th and 7th lumbar roots, a few fibres coming 
from the 1st sacral, and still fewer from the 5th lumbar The obturator nerve derives 
its fibres flora branches of the 5th and 6th lumbar nerves, the antenor cruial mainly 
from the 5th, but to some slight extent from the 4th 

In the Monkey the relations are somewhat different, as will be seen by referring to 
the photograph of the lumbai plexus of the Mctcacus rhesus (Plate 34) It will be 
then found that the two branches of the sciatic nerve ( I.P and E P) derive their 
fibres from a more widespread origin The majority of fibres come from the 5th, 6th, 
and 7th lumbar , a few fibres from the 1st sacral join to form the trunk of the nerve, 
but these appear to pass entirely into that branch which leaves the trunk high up and 
supplies the hamstring muscles (Hs ) The obturator nerve derives the majority of 
its fibres from the 4th lumbar, receiving a few fibzes also from the 5th, whilst the 
anterior crural derives its fibres from the 4th, 3rd, and (?) 2nd in decreasing amount 

Roughly speaking, therefore, the relations of the lumbar plexus in the two species 
of animals differ in this respect, that with the same number of lumbar nerves (7) the 

* While this is passing through the press a very valuable paper, giving the anatomy of the plexus in 
the Cat, has appeared, viz, Langley, ‘ Journal of Physiology, ’ vol 12, No 4, 1891. 

MDCCCXCI. — B 3 I 
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mam supply of each nerve is, in the case of the Cat, one root lower than, in that of the 
Monkey 

The physiological connections of the roots were of importance to us only as far as 
the fibres in the sciatic nerve were concerned In attemptmg to ascertain these con¬ 
nections it occurred to us that the electrical method would furnish a valuable means 
of ascertaimng to what extent the fibres in any nerve trunk are derived from particular 
roots, whether anterior or posterior. All that is necessary for the carrying out of such 
investigation upon the sciatic nerve is to expose the eauda equina of an anaesthetised 
animal, then to piepare the nerve, divide it, and connect its isolated central end with 
the galvanometer. The various roots of the lower lumbar nerves aie now divided at 
their termination in the spinal coid, and their peripheral ends excited with the inter¬ 
rupted induction current for a given time (5 seconds) If electrical effects aie evoked 
m the central end of the divided sciatic, then, obviously, the root excited contains 
nerve fibres which pass down the nerve as far as the region observed With the 
animal m a state of unifoim narcosis, the comparative amounts of the deflection pro¬ 
duced by applymg to the different roots a stimulus of unvarying intensity and duration 
indicate the relative amount of fibres, provided that the excitability of the various 
roots is approximately the same In this way we ascertained that the effect evoked 
in the pophteal region by exciting the peripheral ends of the cut anterior or postenoi 
loots of the 1st sacial neive was, in the Cat, comparatively small, being only one- 
sixth of that evoked by exciting those of the 7th or 6th lumbar, whilst excitation of 
the 5th and 4th lumbar was followed m the Cat by very little effect at all in the 
nerve Physiological experiment thus bears out the anatomical details displayed by 
dissection. One obvious use of the method which the few experiments which we have 
carried out on this hue suggests is, that it not only secures an analysis of the different 
fibres which pass from a complicated plexus into a nerve, but places within the expe¬ 
rimenter’s grasp a method of determining to what extent the relations of the afferent 
fibres of a nerve with the nerve roots are similar to those of the efferent fibres. 

We will now turn to our experimental results made upon the cord itself. 

Section 5.—The Operative Procedure involved in the Method oe Sections 

INTERVENING BETWEEN THE OBSERVED CORD AND THE EXCITED NERVES 

*■ The .experiments were made upon twenty-two Cats and thiee Monkeys, and were 
abb conducted in the following way. The cord of the anaesthetised animal was 
-exposed and; divided in the lower dorsal region, the particular locality varying from 
levels of the 8th to that of the 11th dorsal vertebrae. It was then prepared for 
'H* eeKtisasSi on The dastaL side of the section and connected at its cut and longitudinal 
"surface with the non-polarisable electrodes by cables, in the same manner as that 
oteeady -described (See Chapter III., Section 3.) The sciatic nerve was then 
exposed, freed for some distance, ligatured, and divided It was left m the muscles 
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m order to avoid cooling, &c, and only taken out of its muscular bed for purposes of 
excitation. The large resting electromotive difference between the surface and cross 
section of the coid having been balanced, an excitatory electrical effect m the opposite 
direction to the difference was observed to accompany the stimulation of the nerve 
The amount of this effect, as mdicated by the amount of the galvanometric excursion, 
varied, as previously stated, not merely with the intensity and the duration of the 
stimulus, but with the condition of anaesthesia, &c, of the animal. If care he taken 
to keep these factors as far as possible unchanged, the excitatory electrical effect thus 
produced at each repetition of the experiment keeps very fairly uniform, as much so 
in point of fact as m similai experiments upon Mammalian nerve trunks When we 
had thus obtained a constant effect m the cord, an intervening section was made m 
the lower dorsal or upper lumbar region by the method described m Chapter III,, 
Section 2 Its position coincided, m some cases, with the lowest poition of the part 
of the dorsal cord exposed for connection with the galvanometric electrodes, m the 
majority of cases with a still lower level obtained by a fresh exposure of a small 
portion of cord It was found that it was not desirable to make this second exposure 
when the cord was first prepared, since during the time lost m the preliminary experi¬ 
ment, &e, the intervening cord at this point is apt to suffer 

The intervening section having been thus made, the nerve was excited under 
precisely the same conditions as before, and the alteration, if any, m the amount of 
the cord effect noted In all such experiments the extent of the section of the cord, 
and thus the part involved m the interruption, is capable of great variation, and the 
results may with advantage be grouped m 1 elation to the particular regions which 
have been involved in it, thus following the exact and strictly logical method which, 
under Ludwig’s guidance, was such a characteristic feature in Woroschiloff’s 
treatise 


Section 6.—The Influence of Hemisection. 

The results of a hemisection made between the portion investigated and the entry 
of the stimulated nerve as regards its influence upon the electrical changes in the 
cord, which are evoked by the nerve stimulation, will be best seen by a glance 
at the subjoined table, which gives the result of the comparative observations madem 
the manner previously indicated in two animals before and aftei the section, The 
animal was m all cases carefully anaesthetised and kept well under the influence of 
the anaesthetic; the stimulus was always m any two comparative results adjusted to 
the same degree of intensity, and was of the same duration, whilst, as far as possible, 
errors due to variations incidental to the application of the stimulus, the condition of 
the animal, and the galvanometric condition of the observed region of the cord, were 
excluded, and observations m which contemporaneous changes in either of these three 
conditions could be detected were rejected 

3 i 2 
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Result of Hemisection. 
Excitation on same side as Section 


Cat (a) (349) 

Cat ( b) (327) 

Total 

jRatio 

Deflection 

Before 

After 

■ 

185 

105 

132 

29 

45 

24 

422 

98 

100 to 23 

Excitation on 

opposite side to Section 


Deflection 


Before 

Aftei 

Cat (a) (349) 

182 

165 

Cat ( b ) (327) 

82 

90 


142 

91 

Total 

406 

346 

Satio 

100 to 85 


Tn Cat (a) the cord was divided and prepared at the lower border of the 9 th dorsal 
vertebra, and the section made at the 13th dorsal. In Cat (6) the cord was divided 
and prepared at the 9th dorsal. Both sciatic nerves were prepared, and first one and 
then the other excited m the manner previously described The stimulus was m the 
above cases that of the Helmholtz side-wire, 100 stimuli per second, continued for 
5 seconds with an intensity just sufficient to evoke slight reflex effects m the lower 
part of the cord, ie.> the secondary coil was placed at 500 oi 1000 The ratio of the 
sum of the two different columns indicates that an intervening hemisection, when on 
*e*same side as the excited nerve, will diminish the cord effect 77 per cent., and 

on the opposite side it also diminishes the effect, but to a very much 
• namely, only 15 per cent. 

farthen as the nerve-to^cord effect is concerned, its production is very largely 
upon the unbroken integrity of the fibres and grey matter along that side 
the spinal cord with which the stimulated nerve is connected^ 
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It is thus clear that in the etherised animal the excitatory electrical change is con¬ 
ducted along the structures on the same side of the cord as the excited nerve, and if 
the effect is a true indication of the passage of nerve impulses along nerve fibres in 
that portion of the cord connected with the galvanometer, then these nerve impulses 
themselves must be for the most part confined to that side of the cord which they 
enter Further, if we assume that the readings furnish us with data for a quanti¬ 
tative comparison of the amounts of the variously awakened physiological activities 
on the two sides of the cord, and thus of the number or intensity of the afferent 
nerve impulses, then this preliminary set of observations would seem to mdicate 
that from four to five times as great a volume of excitatory change flows up the coid 
on the side of entry of the nerves as on the other 

This result is fully m accordance with the anatomical evidence previously referred 
to, and with the results of spread obtained m the cord by excitation of its own 
columns detailed m Chapter VIII It is m absolute opposition with the before 
mentioned results of Miescher and Woroschiloef 

The indications of these experiments are confirmed by a large amount of collateral 
evidence dependent upon the influence of section of the various columns This will be 
seen as we detail in succession the results of our different lesions. 

Previous Hemisection 

In order to ascertain whether this loss on the side of the lesion was mdependent of 
all functional changes due to the shock of the operation, &c., the hemisection was made, 
in two instances, a considerable time (thirty days and more) before the experimental 
investigation. 

On the first animal, Cat (283), the hemisection had been made four months pre¬ 
viously at the level of the 12th dorsal vertebra on the left side Before commencing 
the experiment the animal was carefully examined both in its normal condition and 
under an ansesthetic. The left hmd limb was dragged in walking, and showed 
marked loss of muscular power On allowing the feet to touch cold watei move¬ 
ments were started, the right hind leg being smartly drawn up, the left only after 
a considerable delay. This and other tests applied to each foot indicated no impair¬ 
ment of sensibility on the right side (that opposite to the lesion), but considerable 
impairment of both tactile sensation and movements on the left, the same side. On 
placing the animal under an ansesthetic the left knee jerk was seen to be much 
exaggerated, and it was possible to start clonic spasms m this limb 

For the actual experiment the cord was divided at the level of the 7th dorsal 
vertebra and the upper end of the lower fragment prepared for connection with the 
galvanometnc electrodes. The electrical effect produced by exciting each of the two 
prepared sciatic nerves was now observed, the stimulus used being of minimal and 
maximal intensity respectively and consisting of the usual series of induction currents, 
100 per second for 5 seconds 
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Secondary Coil 500 (minimal) 



Excitation of right 

Excitation of left 


nerve 

nerve 


Side opposite lesion 

Side of lesion 

Cord effect 

90 

20 


90 

28 


95 

45 


Average 92 

Average 31 


The electrical change is thus thiee times as large when evoked by stimulation of 
the nerve on the side opposite to the lesion, that is, the right side, as on the side (left) 
of the division. Hence, the major part of the change must be cut off on the left side 
by the lesion,* that is to say, the nerve impulses, of which the change is an index, are 
unable to ascend the cord on the left side to the observed region in the neighbour¬ 
hood of the 7th dorsal, owing to the hemisection at the 13th dorsal interrupting their 
path If we suppose that the actual effect observed by stimulating the left nerve is 
due to impulses which normally cross the cord, whilst that observed by stimulating 
the right is due to impulses which do not ci oss, then the interruption has cut down 
the effect which the normal excitation of the left sciatic nerve would produce from 
92 -{- 31 =123 to 31, %.e., 75 per cent 

When the stimulus was four times the intensity of the above, that is, sufficient to 
evoke strong reflex contractions, a similar disproportion was found to exist although 
it was not so marked 

This is shown by the following table — 


Secondary Coil 2000 


Excitation of right 

Excitation of the left 

nerve 

nerve 

340 

170 

215 

160 

220 

135 

Average 258 

Average 155 


miGroseO'pica^.xaiiaiiiatioii of the cord showed that the lesion involved all the left 
^ rior columns, the whole grey matter, and, except its median edge, the anterior col umn . 
; degeneration there was beautifully marked destruction of the left postero-median column, as 
t direct cerebellar and antero-lateral tracts, and a few degenerated fibres in the right postero- 
ah^n-eolumir. Of descending degeneration there was, immediately below the- lesion, degeneration m 
the left lateral pyramidal tract and also m left the anterior column. 
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The effect even "with this strong stimulus is neatly twice as large when evoked by 
the nerve opposite to the side of the lesion Since, however, a considerable effect 
is evoked by stimulation of the nerve on the same side, the use of the stronger 
stimulus has either produced more impulses strong enough to cross the coid, or it has 
caused a more complete discharge of the central mechanisms m the grey matter 

The other animal, Cat (259), had a section made upon it at the 10th dorsal veitebia 
thirty days before the observations were to be made The section involved tbe left 
lateral and the majority of the left posterior column The subsequent examination 
of the cord showed that the section involved on the left side the lateral column, 
the ventral portion of the anterior column of the grey matter, and the dorsal half of 
the posterior column, on the right side the posterior median column The ascendmg 
degenerative changes were at the 5th dorsal traceable on the left side to a marked 
degree in the direct cerebellar and antero-lateral tracts, and m the posterior root zone 
and posterior median columns A much less extensive degeneration was found to 
have occurred m the posterior median column of the right side 

The animal, when examined before the experimental observations, showed spastic 
paralysis of the left hind limb, and marked diminution in the tactile sensibility of both 
hmd limb and trunk on the left side The knee jerks were equally present on the two 
sides The experimental investigation, as far as it relates to the present question, 
involved the section of the cord at the 4th dorsal (this was accompamed fry prolonged 
tetanus of lower limb muscles and those of the tail), the preparation of the upper end 
of the lower fragment and the excitation of the two sciatic nerves The excitation of 
the right nerve evoked effects of 43 and 56, the left of 15 and 22 The sum of these 
readings is 99 for the right, and 37 for the left side. If, as m the previous experi¬ 
ment, we suppose that the total sum of the two effects roughly represents the full 
responsive change of either nerve excitation, then the effect on the side of the chief 
lesion (hemisection) is reduced from that in the ratio of 136 to 37, ^ e , 100 to 27, that 
is, it has been reduced 73 per cent, through the hemisection 

The result of these experiments is to show that the excitatory changes m the cord, 
evoked by stimulation of the sciatic, are largely limited to the same half of the 
cord as the excited nerve, the amount of limitation being such that three times the 
effect, and presumably three times the number of nerve impulses, proceed up the cord 
on the side of entry than that which is evoked by impulses either crossing m the cord, 
or freshly generated by calls m response to the arrival of impulses m the grey matter 
on the opposite side 

Our method, however, enables us to determine not merely that the excitatory 
effects m the cord are to a great extent limited to the si da of the entering nerves, hut 
also that the effects are mainly dependent upon the unbroken integrity of particular 
Columns of fibres on tbis side To observations on this pomt we now pass. 
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Section 7 — The Influence of Section of both Posterior Columns 

A Section of both Posterior Columns 

The anatomical evidence clearly shows that there is an unbroken path between 
some of the enteiing afferent fibres and the fibres in the posterior column, and that 
these subsequently pass more or less completely into the posterior median column from 
the posterior root zone It was therefore essential to ascertain to what extent the 
cord effect was dependent upon the presence of these fibres This we have 
endeavouied to do by first ascertaining to what extent the effect is due to the 
unbroken integrity of both posterior columns A remarkable incident m the course of 
our experiments led us early to suspect that by far the greatest part of the effect, 
whether crossed or dnect, is conducted along these tracts In the course of -the 
opeiation for one experiment, whilst opening up the neural canal, the point of the 
bone forceps slipped, and so slightly biuised the posteiior columns that the injury 
could not be detected at the time The preparation was proceeded with, and 
the cord divided at tbe 8th dorsal The upper end of the lower fragment was then 
connected in the usual mannei with the galvanometric electrodes, and the sciatic 
nerves exposed for excitation Only extremely small cord effects weie, however, 
evoked by the excitation We then discovered the bruise and deteimined to make a 
fresh section below the injury, exposing for this purpose more cord, on connecting 
this fresh portion with the galvanometric electrodes and exciting the nerve, an effect 
of 175 scale was obtained. 

We now made a direct experiment along the lines thus indicated 

The cord was exposed m a Cat, and divided at the 10th dorsal vertebra, 
prepared for 4 centims. and connected with the electrodes by its surface and 
cross section. Excitation of the left sciatic neive, with the secondary coil at 
2000 (1 Darnell in primary) for 5 seconds (500 stimuli), produced cord effects indi¬ 
cated by a deflection of 75 scale. The posterior columns were then divided at the 
level of the upper border of the 12th dorsal vertebra, and a similar excitation was 
accompanied by a deflection of only 12 scale As a control, the cord was now 
completely divided at this latter level, and the part distant from the new section was 
connected with the galvanometer, when a similar excitation produced a deflection m 
one case of 64, in another of 75 scale, thus indicating that the great diminution of the 
effect was due to the local operative interference with the posterior columns, and not to 
my general alteration in the condition of the whole cord. 

A^makr Result was obtained in another animal (Cat), in which the cord was 
! prepat^l ‘and connected with the galvanometer at the level of the 10th doisal 
And; the cauda equina having been exposed, the central end of a cut 
^®|terror mot was excited, instead of the sciatic nerve In this case the cord effect, 
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which was accompanied by reflex movements, was 210 with the col umn s intact, and 
after their division at the level of the 12th doisal vertebra, sank to 36 

In the Monkey this marked diminution was also found Thus in a Rhesus the coid 
was divided at the lower bolder of the 6th doisal vertebra, and prepared as before 
Excitation of the light sciatic nerve evoked a cord effect of 82, excitation of 
the left sciatic an effect of 60, after division of both posterior col umn s at the level 
of the lower border of the 11th dorsal vertebra, excitation of the right sciatic 
produced an effect of only 18, and that of the left sciatic an effect so small as to 
be indicated by a mere trace, viz , 2 

It need scaicely be pointed out that the presence or absence of concomitant reflex 
movements as an index of the awakened corpuscular activity of the cord is a most 
important factor to be borne m mind, but the diminution occuis even when a more 
pronounced stimulus of gieater duiation is used, as is shown by the following 
experiment on a Rhesus Monkey, The cord was divided at the 8th doisal veitebra, 
and prepaied for galvanometric observation The right sciatic was excited and 
evoked a reflex movement and large effects, mdicated in repeated observations by 
deflections of 210, 300, and 308 The left sciatic gave effects of 230, 250 After 
section of both posterior columns, the effect sank to 55 and 58 following excitation of 
the right nerve, and to 90 and 60 following excitation of the left nerve 

If now we sum up the various readings (15) obtained m two Cats and two Monkeys, 
we find, as expressed m the following table, that the intervening section reduces the 
massed results m the ratio of 100 to 22, that is, both the posterior columns are 
directly concerned with the pioduction of 78 per cent of the total effect, and the 
transmission of the same peicentage of impulses 


Table of Headings Section of Posterior Columns 



Cord investigated at 

Deflection 
before section 

Deflection 
after section 

Cat 

10th doisal vertebra 

75 

12 

33 

3 ) 53 * 

64 

12 

3 5 

10th to 11th dorsal 

210 

39 

Monkey 

7 fch dorsal (average of sis readings) 

96 

18 

5 ) 

8th dorsal 

210 

55 

55 

33 

300 i 

58 

55 ; 

33 

308 

57 

55 

33 

230 

90 

35 

33 

250 

60 



1743 

389 


Ratio 100 to 22 


This relationship is confirmed by a control experiment of the reverse kind in which a 
MDCCCXCT —-B. 3 K 
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section of the part of the cord ventral to the posterior columns was made. The cord 
was prepared m a Cat by division at the 8th dorsal vertebra , the upper end of the 
lower fragment connected with the galvanometer, and the left sciatic stimulated with 
three different strengths of stimulus, and the effect noted m each case An inter¬ 
vening section was then made at the 10th dorsal, so as to divide the w T hole region of 
the cord lymg ventrally to the posterior commissure and the commissure itself, the 
result being that the minimal effect remained unaltered whereas the other effects 
were diminished m the ratio of 100 to 76, as indicated in the subjoined table 


Strength of 

Effect befoie 

Effect after 

stimulus 

section 

section 

500 

35 

35 

1000 

2000 

90 } 160 

“} 121 

Ratio 100 to 76 


This experiment, whilst it establishes the importance of the posterior columns by 
furnishing the control experiment of leaving these tracts and excluding the others, is 
at the same time a remarkable instance of the quantitative precision of the method, 
smce m independent experiments lesions effected quite differently show m the one 
case that the posterior columns are concerned with 78 per cent, m the other with 
76 per cent of the effect As the experimental details accumulate, this steady 
quantitative relation will be found to vary wonderfully little, considering the nature 
of the structure investigated and the difficulties connected with the method 

The experiment just alluded to also indicates a very important fact which will be 
referred to m detail in the concluding section of this work, namely, that when the 
stimulus is minimal the nerve impulses are almost entirely confined to the direct 
path, in other words, this path is that of least resistance. It is necessary for the 
stimulus to he of a certain intensity before nerve impulses can be started of sufficient 
volume to break through corpuscular structures and so enter on indirect paths This 
is indicated by the fact that no change m the deflection could be observed m the case 
of the weak initial stimulus to follow the section of the grey matter, presumably, 

therefore, the cord effect was due, m this case, to afferent impulses passing up the 
direct path. 

A further extension of the experiment just described may be now referred to, 
namely, the influence of dividing m addition one posterior column After the section 
of the anterior or ventral portion of the cord the left posterior column was divided at 
; ^ iGtfi dorsal vertebra; on now stimulating the left sciatic nerve an effect of 8 only 
t °bservation being repeated several times. The importance of the 

' on the side of the nerve is thus forcibly brought into view, 
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B. Section of the Posterior Column of the same side as the Nerve Excited. 

The marked diminution in the effect obtained by hemisection on the same side as 
the nerve m the one case, and by section of both posterior columns m the other’ 
would seem to imply that the posterior column on the same side, which is common to 
both these lesions, is the fundamental structure concerned We shall see that there 
is every reason to suppose that it is concerned with 60 per cent, of the total effect, 
that is, with that proportion of the number of nerve impulses, the remainder being 
pretty equally divided between the lateral column of the same side and the postenor 
of the opposite side It will be seen that the dnect evidence of the result of section 
of one postenor column is somewhat complicated by changes m excitability which 
appear to affect the remaining columns. 

The results weie observed m two Monkeys and five Cats, as shown in the following 
Tables — 


Section of Postenor Column on Same Side as Nerve. 




Cord observed at 

Before section 

Section at 

After section 



Deflection 

Deflection 



Monkey 

(Macacus 

8th doisal vertebra 

130 

10th dorsal vertebra 

38 

rhesus ) 


210 


68 



304 


100 

Monkey 

(Macacus 

A dorsal vertebra 

32 

11th dorsal vertebra 

12 

rhesus ) 

(the 8th probably) 

60 

78 


21 

14 



i 

814 


252 

Ratio of 100 to 31 


In these Monkeys section of the posterior column on the same side reduced the 
cord effect by 69 per cent., a very notable amount. Such a large reduction was not 
often obtained in the Cat, and occasionally m this animal comparatively insignificant 
reductions were seen. In such instances, however, the nerve stimulation was 
observed to evoke violent reflex movements, and, as will be seen in considering the 
result of section of the opposite posterior column, the opposite unmjured side of the 
cord became evidently hyperexcitable. 


3 k 2 
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Section of posterior column on same side as neive at 11th to 12th doisal veitebra, 


1 

| Cord observed at 

8fch doisal 

Deflection befoie 
section 

Deflection after 
section 

I Cat 

90 

35 

II Cat 

100 

38 


75 

34 

III Cat 

76 

45 


83 

24 

IV Cat 

210 

115 

V Oat 

185 

90 

1 

185 

121 


1004 

i 

508 

Ratio of 100 to 50 


The above experiments made upon five Cats give results, which, as is seen, differ 
considerably m several instances, the deflection before section being m some cases 
four times as great as that after section, in others not twice as large The latter is, 
however, the case when owing to some circumstance the stimulus evoked very large 
effects (see Cats IV. and V) including stiong reflex movements If, however, we mass 
together all the results obtamed in the two sets of animals, the average reduction of 
effects due to section of one posterior column would amount to about 60 per cent 
of the total effect obtained m the normal condition Hence it would seem that one 
posterior column is the mam channel by which the entering nervous impulses proceed 
from the lumbar to the dorsal cord. 

The difficulties involved in this series of experiments will be still more evident 
when we turn to the influence of the section of only the opposite posterior col um n 
upon the cord effect 

C. Section of the Posterior Column of the Opposite Side to the Nerve Excited 

In these experiments we are for the first time confronted with the remarkable fact 
that m consequence of an intervening section the stimulation of the nerve is some¬ 
times followed by an increased effect. (See also Chapter VIII, Section 9, B., p 395 ) 
Since the section has cut off at least some channels of communication between the 
lower and upper parts of the cord, and presumably, therefore, has blocked the paths 
of some, even though few, nerve impulses, such a rise must be attributed to the 
greater intensity of the effect evoked m the remaining channels, whether nerve fibres 
or nerve cells, and the cord must therefore be considered to be hyperexcitable 
4 alteration in excitability is piobably associated with the phenomenon of hyper- 
!®esthe&ias observed by Fodeba and Schief to follow operative intei fence with the 
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postenoi columns That it affects the cord oil the side of the lesion is piobable fiom 
the results just given, but the direct proof is wanting since the increased intensity of 
the effect is masked by the large diminution caused by the severance of the duect 
tract m the postenor column of the same side There is, however, no such sever¬ 
ance m the case of the opposite side, and the increased excitability is plainly seem 
as evidenced by the cases maiked with an astensk, m which the section was followed 
by actual mciease m the cord effect Whatever may be the meaning of this it 
undoubtedly is a most important factor to be taken into consideration m all experi¬ 
ments the general plan of which consists m first causing definite lesions, and then 
examining the influence of such It will be obvious too, that m proportion as the 
anaesthetic is removed so much the more marked must this change m excitability 
become In the experiment upon conduction already lefeired to, made by Miescheh, 
in which the reflex effect on the blood pressure was taken as the index of the passage 
of afferent impulses through a block m the cord, any change of this kind could not 
be allowed for as owing to the curansation of the animal, the observation of con¬ 
comitant reflex movements was impossible We venture to think that the inci eased 
effect obtained by Mieschek, on the side of the complete section in his division 
of every part of the cord except one lateral column, and taken by him to mean 
that the afferent fibres crossed mto the lateial of the opposite side, was due to some 
such increased excitability m the lower fragment of cord on the side of the mam 
lesion, the fibres of the lateral tract connecting this fragment with that above as 
mternuncial fibres. 

It is obviously impossible to put this factor completely out of court. The cord 
effect with which we are dealing is a measure at once of the intensity and the number 
of all transmitted excitatory processes, and the influence of any particular section can 
therefoie only be judged of by taking the average of all the readings, high and low. 
It might be thought that by pushmg the anaesthesia and by decreasing the strength 
of the stimulus the effect would always become uncomplicated Although anaesthesia 
lessens the chance of its occurrence it would appear that this increase m the cord 
effect will sometimes occur even under these conditions, and it is then evidently 
dependent upon the character of the particular preparation used. Its presence or 
absence m these cases may, however, be not merely due to the idiosyncracy of the 
animal, but to mniute differences m the extent of the lesion m certain instances 

The general result of experiments on four Cats and two Monkeys is as follows — 
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Eppect of Section of Posterior Column at the 10th to the 12th Dorsal Vertebra on 

the Opposite Side to the Nerve Excited. 




Nerve excited before 

Nerve excited after 


Cord observed at 

section 

section 

Cat (196) 

lOtli dorsal 

105 




128 111 

52 



107 


Cat (250) 

Sfctt dorsal 

78 

87* 

Cat (377) 

9th dorsal 

78 

90* 



125 

91 

Cat (349) 

9tli dorsal 

182 

121 TgA 

180 i&U 

Total 


574 

470 

Ratio 100 to 81 



Cord observed at 

Nerve excited before 
section 

Nerve excited aftei 
section 

Monkey (281) 

8th dorsal 

155 

150 



230 

170 



250 

199 

Monkey 

7th dorsal 

65 

105* 


82 

87* 



96 

120* 

Total . 

: 


878 

831 


Ratio 100 to 94 


From these results it is seen that the cord effect is reduced by the section, and 
that this reduction m the observed cases was more marked in the Cat than in the 
Monkey If we take the two sets of experiments together, as m the previous 
results of the division of the posterior column of the same side, then the reduction is 
found to be from 100 to 87, that is, 13 per cent 
This evidence therefore points to a crossing of effects from one side of the cord to 
the other as probable, such crossing and the ultimate conveyance of the impulses 
being more or less bound up with the posterior column on the opposite side to the 
stimulated nerve, to the extent of 13 per cent, m the animals we have as yet 
examined. 
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D. Previous Section of Posterior Columns some time Previous to Observation 

In one Cat (251) we divided the posterior columns at the level of the 10th dorsal 
vertebra four weeks before the expeiiments When the animal (Cat) was examined 
it was noticed that the water test showed diminished sensibility m both hind feet, 
since the animal could be placed with its hind paws m water without exhibiting any 
movements of withdrawal Theie were, however, vague symptoms that the two sides 
were not equal in the degree of sensibility they still possessed This inequality 
showed itself m the knee jerks, the left being much feebler than the right On 
placing the animal under ether, however, the left knee jeik was found to be then very 
much exaggerated, and the left hind limb was easily sent into a condition of clonic 
spasm 

The animal was first experimented upon by exposing and exciting the cord, and 
observing the changes m the nerves, the result of this experiment will be given m 
Chapter X It was then used for the present series of experiments, the cord being 
originally divided at the 5th dorsal vertebra, and the upper end of the lower fragment 
prepared for galvanometnc observation at about the 7th dorsal vertebra 

The left sciatic, when excited, with a minimal and a stionger stimulation, evoked 
effects of 10 and 20, the right, when similarly excited, evoked cord effects of 
8 and 70. 

The cord, after the death of the animal, was examined histologically, when it was 
found that the section had not been complete on the right side, a good many fibres 
having been left intact On the left side it was complete, and at the level of the 7th 
dorsal, on microscopical examination, a sickle-shaped patch of degeneration could be 
seen m the postero-external column on each side, that on the left being very well 
marked, whilst that on the right was small. The same difference between the 
degeneration on the two sides could be seen at the level of the 4th cervical, where 
the degenerated area occupied, on the left side, a conspicuous portion m the middle 
third of the posterior median column. The discrepancy between the effects obtained 
between the two nerves is thus cleared up by the minute .examination of the extent 
of the lesion. It furnishes striking evidence of the accuracy with which the electrical 
method can gauge the integrity of through tracts of fibres, but brings out a disadvan¬ 
tage, namely, that it involves the death of the animal, hence, when lesions, &c., 
are made at the time of the experiment, it is impossible to be perfectly certain of 
their extent, since the degeneration method, which alone would give absolute indica¬ 
tions, cannot then be used 

Section 8.—Influence oe Section of the Lateral Column. 

Of the remaining columns in the cord, the lateral and anterior, it is only the former 
which appear to bear any relation to the production of the electrical effect m the 
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cord when the sciatic nerve is excited This is shown by the fact that the cord effect 
is m no way modified by an interruption m the anterior columns which involves their 
complete severance, caused by a section between the enteimg nerve and the observed 
region. Such a section is most easily made m the isolated fragment of cord near 
its central attachment, since this portion is raised from its bed This is m strict 
accordance with the fact alluded to m Chapter VIII, that excitation of the one end 
of the anterior column evokes no electrical effects m a distant portion of the coid 

It is otherwise with the lateral columns which have distinct relations with 
electrical effects m the cord, since, as shown m Chapter VIII., their stimulation 
evokes marked cord effects. It does not follow, however, that this i elation is one 
which comprises the affeient nerves, for we know that the lateral column contains the 
m ain path for the efferent cord tracts, as is shown by the results of cortical excitation, 
as set forth in Chapter V, &c The conclusion at which so many observers have 
arrived, that the main afferent path, whether crossed or uncrossed, is situated m the 
lateral column, is clearly not substantiated by any evidence offered by the employment 
of the piesent method, since the integrity of the two posterior columns is evidently 
essential for the production of at least 7 0 per cent of the total effect. We shall see 
that the extent to which the two lateral columns are related to the afferent effect is 
small, being approximately only a fourth pait of this amount, and that this is almost 
entirely confined to the lateral column on the same side as the afferent nerves excited 
The results may be best displayed as follows .— 

A. Effect of Section of the Lateral Column on the same side as the Nerve Excited 

The following experiments made upon four Cats show that the lateral column of 
the same side as the excited nerve, if divided, reduces the cord electrical effect evoked 
by excitation of the nerve to an extent the average of which is 20 per cent, that is, 
from 100 to 80 
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Section of Lateral Column on the same Side as the Nerve Stimulated. 



Cord observed m 
region of 

Effect before 
section 

Section at 

Effpct after 
section 

Cat (196) 

10th dorsal vertebra 

105 

1st lumbar 

115* 

Cat (327) 

9 th. 31 ,, 

105 

1st lumbar 

76 


132 


83 

Cat (346) 

8th „ „ 

90 

1st lumbar 

60 


110 


105 



542 


439 

Ratio 100 to 80 


The inference is that the integrity of the lateral column of the same side is 
connected with 20 per cent, of the cord effect Additional ground for this conclusion 
is afforded by the opposite sectional method practised after the manner of Miescher 
and Woroschiloff, which, excluding the lateral column, divides everything else; 
the knife being placed perpendicularly through the cord from dorsal to ventral surface 
at the junction of the posterior and lateral columns, and then the cut made obliquely 
inwards towaids the centre, and continued so as to come out on the opposite side. 
All the structures, with the exception of one lateral column, and the contiguous 
portion of the lateral horn are thereby severed. In some instances this operation was 
done piecemeal, first one and then another structure being divided. 

The result of such severance of both posterior and one lateral column is to show 
that an electrical effect in the cord can still be obtained by stimulating the nerve 
on the same side as the umnjured lateral column. Its amount, as compared with 
the total change obtained before the section, is, however, greatly reduced, as is 
shown in the following Table, comprising experiments made on five Cats. i 


* It wifi be noted that in Gat 196 there ensued an increased effect after the section due to a rise m 
excitability. 

MDCCCXCI.—B, 3 L 
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Section of both Posteiior Columns and Lateral on opposite Side to Nerve. 




Effect before 

Intensity of 

Effect after 



section. 

stimulus 

section 

(195) Cat 

• 9 * * 

210 

4000 

6 

(196) Cat 

1 * 

86 

4000 

8 

(256) Cat 


78 

1000 

23 

(827) Cat 

9th dorsal veitebia 

142 

1000 

35 

(344) Cat 

8th jj * 

6 

500 

28 



122 

1000 

85 


i 

152 

| 

2000 

27 

1 


---- i 

856 


162 

Ratio lUO to 19 

j 


That is to say, this remaining effect represents 19/100 of the whole. This result 
tallies with that obtained with the other method, which showed that the seotion of tins 
lateral only reduced the effect by about 20 per Gent. This reduction m the cord 
electrical change is thus a reduction m the number or intensity of the afferent impulses 
which pass up the cord when the nerve is excited Hence, as far as the method goes, 
it, would appear that the lateral column on the side of the stimulated nerve furnishes 
a path, whether mternuneial or not, we cannot say, but, at any rate, an indirect one 
for the transmission of 20 per cent, of the nerve impulses, 

B Effect of Section of the Lateral Column on the opposite side to the Nerve Excited. 

The contradiction which exists between the results of the present research and the 
interpretation given to their experiments by Miescher and W oroschiloff is brought 
into the.strongest prominence by the consideration of the present group of results. If 
the interpretation of these physiologists is warranted by their data, and is of general 
application, then we should expect that the integrity or otherwise of the lateral column 
opposite the entry of a stimulated nerve would have the preponderating influence upon 
the passage of those nerve impulses which have entered the cord by the nerve, and 
consequently upon the amount of the electrical change in the observed portion of cord. 
We have, however, already accounted for 95 per cent, of the effect by showing that 
the amount is dependent upon the integrity of the other columns, and this fact alone 
is sufficient to show what a small share the integrity of the opposite lateral column 
has m providing channels for the conduction of ascending impulses. 

We have made experiments upon five different animals, the results being separated 
into those in which the lateral column was divided on the opposite side to the 
^tbpse in which all structures^ except the opposite lateral column, were 

(pfelS: * 
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Influence of Section of the Lateral Column on the opposite Side to the Excited 

Nerve on the Cord Effect. 



Cord divided and 

Effect before 

Stimulus 

Effect after 


observed at 

section 

section 

(196) Cat 

10th dorsal vertebra 

86 

4000 

100 

(327) Cat 

9th „ „ 

82 

500 

78 


142 

1000 

125 

(346) Cat 

9th „ „ 

110 

1000 

63 


110 

2000 

112 



530 


478 

Ratio 100 to 90 


It will be noticed that in only one case (346) was there any marked reduction, and 
that this did not occur when the intensity of the stimulus was increased Instead of 
reducing the effect the section in two cases mcreased it. The average reduction of 
10 per cent, is probably too high, owing to some unknown factor being present to 
cause the exceptional low reading. This presumption is rendered more probable by 
the next set of results, the converse experiments 


Section of all Columns except Lateral on Opposite Side to Excited Nerve. 



Cord divided and 

Effect before 

S ti inulu s 

Effect after | 


observed at 

section 


section 

(196) Cat 

10th dorsal vertebra 

105 

4000 

10 

(256) Cat 

8th „ „ 

90 

1000 

0 

(327) Cat 

9th „ „ 

142 

1000 

5 



105 

500 

5 

(344) Cat 

8th „ „ 

74 

500 

3 i 



93 

1000 

15 



135 

2000 

3 ! 

- t 



734 


41 

1 

Ratio 100 to 6 


These results show that at any rate under the conditions which were present in 
these experiments, those, namely, of moderate narcosis, the lateral column of the cord 
opposite to the nerve excited can transmit only 6 per cent of the nerve impulses which 
produce the electrical change in the cord when all the other structures are divided 
To what extent it can act as a bridge when the ether is removed, as m Miescher 

3 l 2 
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and W oroschiloff’s experiment we have not yet had an opportunity of observing. 
The experiments would have to be done under curare to avoid the dragging on the 
cord by the convulsive movements of the animal and without anaesthesia, analgesia 
bemg provided for by section of the peduncles They are, therefore, of a very special 
kind, and involve much consideration before embarking upon them. 

Section 9.—Summary 

We will now sum up the results of the foregoing experiments, pointing out at the 
same time the deficiencies as well as the advantages of the method employed 

I. Electrical changes in the lower dorsal region of the cord are readily evoked by 
excitation of the sciatic nerve, or the posterior roots of the lumbar plexus. 

II. These changes are dependent m the anaesthetised animal on the integrity of 
particular columns of nerve fibres stretching between the region observed and the 
neighbourhood of the entering nerves. 

Ill The total amount of electrical change is an indication of the amount of nerve 
eneigy flowing up the cord from the stimulated nerve. If the total amount be repre¬ 
sented as 100, then the following numbers represent approximately the amount which 
flows up each column and which is thus interrupted by its section *— 

Posterior column same side.60 

Posterior column opposite side 15 

Lateral column same side . . .20 

Lateral column opposite side . 5 

IV. The flow of nerve energy up the cord is thus mainly unilateral, 80 per cent, 
being transmitted in the channels on the same side as the entering nerve. 

V. The comparatively small amount of nerve energy which crosses into the opposite 
side of the cord is almost entirely localised in the posterior column of that side 

These conclusions are, it will be observed, simply confirmatory of those already 
indicated in the preceding chapter, in which it was pointed out that no eleotrical 
evidence existed of any crossing of ascending impulses in the cord from the fibres 
in one lateral column to those of other columns; and that the peculiarity of the 
ascending impulses in the cord is (a) the direct path they take up the posterior 
column of the same side, and ( b ) the indirect path by spread from the posterior 
column, first into the lateral column of its own side, and then across into the 
posterior column of the opposite side. 

Finally, our experiments do not show the path taken by sensory impulses; it 
is posable, though hardly conceivable, that these are essentially different in quality 
to the ones we have been studying. All we can say is that when nerve impulses 
V 1 the afferent fibres of the sciatic nerve, and proceeding up these reach 

$$(&&&& apparently find several paths open to them. These paths, however, 
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are either not equally numerous, or are not equally easy of passage, the posterior 
column of the same side offers special facilities for the passage of the impulses, the 
lateral column of the same side offers facilities gi eater than the posterior column 
of the opposite side, but both, whilst far inferior m this respect to the posterior 
column of the same side, are far superior to the remaining lateral column of the 
opposite side. This last, at least in the narcotised animal, offers practically no 
facilities for such passage 

It is, perhaps, unnecessary to draw attention to the circumstance that the above 
results are only verified in the case of the lower dorsal region of the cord m the Cat, 
and to some extent m the Monkev. 

•j 

The principal deficiencies of the present method have been indicated in this and 
previous chapters, but may now be summarised They are connected— 

(a ) With the character of the nerve impulses, which, being due to electrical 
excitation, are more intense, and possibly different m quality, to those which are 
generated m peripheral sensory end organs 

(6.) With the necessity of insulating the observed portion of cord, to ensure the 
observation of localised effects m it, this being accomplished by a severe operation 
which entails the death of the animal at the close of the experiments 

(c.) With the limited anatomical scope of the method as at present used, the highest 
pomt which we have reached being the mid-dorsal region. The shock of the exposure 
above this has rendered our experiments, carried out higher than this, unsuccessful. 

The chief merits of the method are— 

(a ) That the changes investigated are the electrical excitatory processes m the cord 
itself severed from the encephalon, and are free, therefore, from admixture with 
cerebral effects, and are independent of the reflected outcome of such effects m the 
muscles. 

(6.) That the changes are so definite as to admit of comparison as to their quantity, 
and thus of a quantitative estimate of the nerve energy transmitted in the cord 
under different conditions. 

(c.) That this quantitative character of the results enables a comparison to be made 
of the effects of nerve energy which are dependent respectively on the integrity of the 
different parts of the cord. 

The conclusions to which we have thus arrived will receive additional confirmation 
from the results of experiments m which the impulses in the nerves are made the 
subject of investigation by the electrical method, such impulses being aroused by 
excitation of the different columns in the cord. 

These will be detailed m the next chapter, at the end of which a general review 
of the whole question of conduction in the cord, as elucidated by our method, will 
be given. 
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CHAPTER X—ELECTRICAL CHANGES IN THE NERVES FOLLOWING EXCITATION OF 

THE SPINAL CORD 


Section 1 —Introductory. 

Section. 2 —Plan of experiments and preliminary observations 

Section 3.—Electrical effects m sciatic nerve following excitation of different columns of tlie cord 
Section 4 —Electrical effects in afferent nerves following excitation of the cord 
(1) Posterior roots. 

(2 ) Sciatic nerve after section of anterior roots 
Section 5 —Electrical effects m efferent nerves following excitation of the cord 
Section 6.—Influence upon the effects in the nerve of intervening sections of the cord 
A Influence of hemisection, 

B Influence of section of the posterior column on the same side. 

C Influence of section of the posterior column on the opposite side 
D Influence of section of both columns 
E Influence of section of the lateral columns. 

Section 7 —Summary and conclusions. 


Section 1>—Introductory. 

In the foregoing chapter the results have been given of the observation of a new 
index of cord activity, that of noting the accompanying electucal effects when the 
afferent nerves were excited together with the influence upon these of a series of 
intervening sections. 

It will be seen that the plan of the whole of that research was upon the lines of 
previous investigations, except as regards the index employed, in the experiments to 
be detailed m this section both the method and plan of experiment are entirely novel, 
since conclusions can only be arrived at by the evidence afforded by the electrical 
effects as indicative of the presence or absence of excitatory changes. The novelty 
consists in this, that we are able to detect excitatory electrical effects in the 
issuing nerves when the cord is stimulated; not merely m the nerves them- 
selves, but in their roots. Now as far as the efferent motor roots and motor portion 
of the mixed nerves aie concerned, the method whilst giving us valuable information 
has obvious relations with the data which have already been obtained by the graphic 
method of recording the muscular contractions, but as far as the afferent sensory 
nerves axe concerned, it introduces us to previously unknown relationships, for there 
is DfO indication other than an electrical one at present known, which can detect the 
passage of nerve impulses from the cord into afferent tracts, since such passage is opposed 
in diction to that of the normal tiansmission as usually understood. It has been 
already stated that one of the most valuable results of the discovery of the excitatory 
electrical change was that set forth by du Bois-HeYmond, as proving the propagation 
exc^fp|iQry effects in both directions along a continuous tract of either afferent or 
nerve fibres, this being evidenced by the presence of the electrical change at 
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both ends of a nerve when the middle portion is stimulated. We have seen that 
similar evidence m the case of the nerve fibres m the cord shows that in them also the 
effect is propagated from the stimulated region mdifferently either towards the centre 
or the periphery, and it follows from the combmation of these two, that if any fibres 
m a nerve are directly continuous with those m the cord, the excitatory changes 
following stimulation of these must be propagated along the whole length of the 
continuous strand and may thus travel out into the fibres of the nerve Direct 
continuity has been shown to exist by the degeneration method between the 
fibres of the posterior root and those of certain portions of the posterior 
columns, hence it is not surprising that the stimulation of the postenor columns in 
the cord should cause electrical changes m the posterior root due to the arrival in the 
fibres of this structure of excitatory processes transmitted from the cord down tracts 
which, owing to their terminal relations, are usually believed to be solely ascending 
ones There is nothing to warrant the belief that these descending impulses m 
afferent nerves, evoked by excitatiqn of the columns in the spinal cord, are m 
themselyes different from those which are evoked by similar methods of excitation 
when applied to the peripheral parts of the afferent nerves, and which are propagated 
in the natural direction, since it seems to be fundamental as regards nerve conduction 
that fibres can conduct equally m either dmection. 

The fact that m qne group of nerve fibres (afferent) the starting platforms are at the 
peripheral end, and the receiving termini at the central, whilst m the other (efferent) the 
positions are reversed, and that, in consequence, what are called normal nerve 
impulses proceed iq the afferent direction m the one group and in the efferent m the 
other, apparently has not, physiolqgically or structurally, altered the fibres (polarised 
them in any way) so as to make conduction in the one direction more difficult than in 
the other. As far, then, as the directly continuous afferent fibres are concerned, 
there is no difficulty eithpr m obtaining electrical results m the postenor roots on 
exciting their direct prolongations in the cord, or m interpreting these as mdicative 
of the passage of nerve impulses 

A much more complicated condition must, however, be now referred to, that, 
namely, of tfie nerve fibres which are only indirectly continuous with others in the 
cord, there being interposed in their path corpuscular elements and unknown 
channels 

The simplest of these are the efferent (motor) qerves, and it has already been 
stated that, as regards these, Chapter IX., Section 2, the corpuscular connection is of 
such a character that, whilst allowing the passage of inqpqjses from the cord to the 
nerves, it appears to completely block the passage of impulses from the nerves 
into the cord, (See also Chapter XI., Section 2 (1).) The stimulation of a mixed 
nerve (the postenor roots being divided) or an anterior root thus evokes impulses which 
travel up and break upon the shore of the nerve corpuscles, and either remain on 
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their peripheral side, or issue in such broken and disorderly array that their 
character is completely lost, and all evidence of their presence disappears. 

To what ex tent is this true of the afferent root fibres ^ The answer to this question 
is one which can only he appreciated when the results of the experiments of both this 
chapter and the succeeding one, upon the reflex functions of the cord, have been, 
analysed , but it may be well here to state at once that there is no evidence of such 
pronounced block to impulses which may be caused to descend the indirect paths by 
which the posterior root fibres are brought into connection with the cord. 

The difficulties of interpreting the experimental lesults are increased by the gap 
which exists in our anatomical knowledge as to the connection between these indirect 
afferent fibres and the cord. This connection is one upon which the degeneration 
method throws but little light, although it would appear probable from the trophic 
changes observed, and from morphological considerations, that there are cells m the 
posterior hom, and possibly m Clarke's column, which are connected with fibres 
m the posterior loots (Mott), The recent researches of Kolliker seem to indicate 
that the termination of some of these indirect fibres m the cord is largely that of 
a fine plexus with free ends. 

Although the central connections of the fibres are as yet to a great extent 
unknown, yet the description indirect as distinguished from direct is warranted by 
its wide-spread use It \s advisable, however, to emphasise what the term indirect 
as used by us in the present case is understood to connote. 

It is descriptive of all afferent fibres in tbe cord, which may be supposed to be 
connected with those of the posterior r<?ot> hut which do not show any of the 
degenerative and developmental differences which stamp some fibres (posterior 
median) as being in direct continuity with the root. There is, however, nothing in 
itself to show that this term indirect is a strictly logical one; since the same line 
of argument might be applied to those fibres which pass through the ganglion on the 
posterior root, with regard to which the degeneration method furnishes no evidence 
of direct continuity (Joseph). 

Impulses are conducted through the ganglion in either direction (du Bois- 
Reymond), and apparently without any modification in their time relations (Exner) 
if we may suppose that this is due fo the fact that, apart from the few fibres which 
appear not to come into relation with cells at all, the relationship of the majority of 
fibres to the ganglion, cefis is of the f-piece kmd, as shown by Ranvier, in which 
case the cell does not interrupt the continuity of the connected fibre. There is no 
reason why some, $uch sort of bypath (Golgi) may not he the basis of the con¬ 
nection of tfie fibres wifih the corpuscular elements in the spinal cord, as it is m 
certain parts of the cerebrum (Flechsig). 

^ There are* therefore, no anatomical data which are necessarily implied in the term 
. ;|§!%ti§L^ ^applied to these fibres, beyond the fact that such fibres come into 
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connection m some way with some element m the cord, which serves as a common 
centre both for nutrition and for growth 

The researches on the conduction of afferent impulses fiom the nerves into the coid 
detailed m the preceding chapter, as well as our other experimental investigations, 
show that such paths undoubtedly exist The present expenments will prove that 
these, although indirect, are capable of conducting impulses from the centre towaids 
the periphery; the only distinction between the indirect and the dnect path, m this 
respect, being the greater intensity of the stimulus necessary to produce the evidence 
of such effects m the case of the former, and the comparatively small amount of the 
nerve eneigy which can be thus evoked through the indirect path, in the afferent 
nerves In other words, the direct path is that of least resistance to impulses when 
these pass backwaids from the cord into the afferent nerves 

We now pass to the consideration of the detailed plan of the expenments as a 
necessary prelude to the analysis of the results 

Section 2 —Plan of Experiments and Preliminary Observations 

Our first experiments upon the neive effects following cord excitation were crude in 
design They were made by first dividing the cord m the dorsal region, then 
preparing one sciatic nerve m the back of the thigh, ligaturing it, dividing it, and 
connectmg its cenfcial end and the adjoining longitudinal surface by means of cable 
electrodes with the galvanometer, and finally stimulating the cord by means of 
needles which pierced it and acted as electrodes to the secondary coil of the 
lnductorium. We satisfied ourselves in this way that the excitation of the cold was 
followed by excitatory electrical changes in the nerve, and then proceeded to more 
methodical experiments In these the cord was carefully exposed by dissection and 
a piece removed, so that the cross section of its surface could be easily seen The 
various out ends of the columns were then excited as desired by a series of interrupted 
induction cunents (Helmholtz side-wire) for a period which was controlled by the 
revolving mercurial key, and was carefully kept of the same duration during any set 
of observations A pair of well-insulated fine platinum-pointed electrodes were used 
for the stimulating current, these being applied to the particular region of the cross 
section it was desired to excite, in the manner and under all the precautions already 
described m Chapters III and VIII The sciatic nerve when raised m air and con¬ 
nected with the galvanometer displayed the usual resting electi omotive difference 
between its two points of contact. This difference has been referred to at length in 
Chapter IV and was compensated in all cases On exerting the cord for five 
seconds an electrical effect was produced in the nerve which was always opposed 
m direction to the resting current, and which passed away on the cessation of the 
stimulus The amount of the deflection was in most cases considerably less than 
was obtained by applying the same stimulus (unaltered m intensity and duration) 

mdcccxci —B 3 M 
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to the ti unk of the nerve It was notably affected by several conditions, of which 
the most important are those affecting' the state of the animal and those connected 
with the intensity of the stimulus The influence of these two conditions demands 
closer examination. 

The state of the animal has the greatest influence on the amount of the change. 
To take the most powerful factor first, the systemic death of the animal, this is at 
once shown m the diminishing size of the effect, until, m about ten minutes, no 
electrical change can be evoked m the nerve when the cord is excited. 

The following experiment may be quoted in illustration of this point, it is one in 
which the posterior root instead of the nerve was observed 

The cord of a Cat was divided at the 10th dorsal and the eauda equina exposed. The 
7th lumbar posterior root on the left side was then ligatured and divided near the 
ganglion, raised m an and its central end and suiface connected with the galvano- 
metnc electrodes 

Excitation for five seconds of a given tract m the cord (the left posterior column) 
evoked an electrical change indicated by a galvanometnc effect of 253 The animal 
suddenly died from collapse, the heart failing, and the experiment was then repeated 
about four in mutes after death, when the deflection was found to be less, viz , 165. 

The time of this observation was 12 1 A senes of such observations were then 
made as follows — 


Time 

Deflection 

. 

12 I 

16> 

12 2 

142 

12 3 

139 

32 5 

75 

12 7 

| 50 

1210 

; 8 

, 1212 

j 

! nil 

f 


Excitation of the root itself still evoked considerable effects at 12 15. We have 
often had the opportunity of noting that the nerve electrical effect when evoked by 
excitation of the coid, disappears on death earlier than when evoked by excitation of 
the nerve trunk. This we imagine to be due partly to the circumstance already 
mentioned that the latter excitation produces normally a more marked effect than 
the former, and partly to the changes m excitability which, m accoi dance with the 
Hitter-Yalli law, proceed horn the centre towards the peripheral attachment of a 
nerve. 

A more important influence than thus of death, since it is one present throughout 
<<^II the .experiments, is that dependent upon the varying degree of anaesthesia. There 
ia^jimany experiments which furnish illustrations of this point. A stimulus of the 
character, intensity, and duration, applied to the same region of the cord, evokes 
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now a laiger and now a smaller effect, dependent upon roaiked lessening and deepening 
of the narcosis. The importance of bearing this in mind is sufficiently obvious, it is, 
however, capable of control, since the character of the movements awakened by the 
stimulus furnishes a fair index of the condition of anaesthesia, and was m all cases 
closely observed 

Finally, the influence of temperature is one to which attention has already been 
directed m Chapter III, and although the necessity of keeping the exposed cord 
covered with warm sponges, except during the actual stimulation, has been already 
dwelt upon, it may be insisted on again at this juncture. 

Alterations in the duration and intensity of the stimulus modify the effect; the 
longer the duration and the greater the intensity, the more pronounced is the neive 
change. The modifications are so marked, that m analysing and comparing the 
quantitative value of the nerve effects obtained by stimulation of different regions of 
the cord, it will be necessary to divide the indicative galvanometnc deflections into 
two classes, as evoked by “ minimal ” and maximal stimuli respectively It will be 
understood, however, that a rigid separation is impossible, there being every grade 
between an undoubtedly “ minimal ” effect with no accompanying reflex movements 
and an undoubtedly maximal effect with vigorous movements 

The experiments were made upon twenty-one Cats and six Monkeys, and may be 
divided into four groups, the first three of which differ as regards the nerve fibres in 
which the electrical change was observed, the fourth differing as regards the 
conditron of the cord, through the stimulation of which the nerve effect is evoked. 
We have, therefore, to consider in succession .— 

The electrical effect in the mixed sciatic nerve; 

„ „ affeient nerve roots; 

„ ,, efferent nerve roots; 

The modifications produced by mtei veiling section oi tiacts iu the cold. 

Each group will foim the subject of a succeeding section 

Section 3 —The Electrical Effects in the Sciatic Nerve following 
Excitation of the Different Columns of the Cord 

The experiments upon this subject will be best displayed by first selecting and 
describing the results of a particular experiment in the Cat and Monkey respectively, 
and then giving a table which will show the averages of all the comparable 
observations. 

The spinal cord was exposed and divided in an anaesthetised Cat (331), at a level 
between the 10th and 11th dorsal vertebrae: both the sciatic nerves were then care- 
fully exposed, ligatured in the lower part of the thigh, and divided on the peripheral 
side of the ligature They were then freed from their attachments and raised m the 

3 m 2 
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air by the ligatuie A separate pair of non-polansable electrodes was placed in 
connection with the cioss section and the suiface respectively of each nerve A 
piece of cord 1 centim long was now removed from the upper end of the lower 
fragment of the cord, thus exposing a fresh cross section of all the columns 

The left sciatic nerve showed a resting electrical diffeience between the suiface and 
cross section, which was balanced by a diffeience of 01 Darnell, the right nerve 
showed a rather less marked difference balanced by 008 Darnell 

Each pair of neive contacts was alternately connected with the galvanometer, a 
Pohls reverser without cioss wiies being used to switch either set of contacts into 
connection The following deflections, opposed m direction to the resting difference, 
were obtained from the nerve when the cut ends of the various columns designated 
below were excited for 5 seconds — 


Left Neive connected 


Stiengtli of stimulus 

Region exeited 

Effect 

Secondary coil 

500 

Left postenoi column 

140 


Left lateial „ 

Nil 


Right posterior „ 

15 


Right lateial „ 

Nil 


Antenor columns 

Nil 


Eight Neive connected 


Strength of stimulus 

Region excited. 

Effect 

Secondary coil 

500 

' 

Left postenor column * 

5 


Left lateral ,, 

Nil 


Right postenor „ 

65 


Right lateral ,, 

Nil 


Antenor ooluranb 

i 

Nil 


The intensity of the stimulus was now doubled. 


Left Nerve connected 


j Strength of stimulus 

Region excited 

- 

Effect 

Secondary coil 

r iooo 

Left posterior column 

190 


Left lateral „ 

5 

■ 

j Right posterior „ . 

30 


1 Right lateral „ i 

Nil 
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Right Nerve connected 


Strength of stimulus 

1 

| Region excited 

1 

Effect 

Secondary coil 

1000 

i 

1 

i Left posterioi column 

5 


J Left lateral „ 

Nil 


j Right posterioi ,, 

132 


[ Right lateral „ 

Nil 


Antei lor columns 

Nil 


Intensity oi stimulus again doubled 

Lett Nerve connected. 


Strength of stimulus 

Region excited 

Effect 

Secondary coil 

2000 

Left postei ioi column 

240 


Left lateral ,, 

16 


Right postei ioi „ i 

40 


Right lateral „ 

Nil 


Antenoi columns 

Nil 


Right Nerve connected 


f - 

Strength of stimulus 

Region excited 

Effect 

Secondary coil 

2000 

Left posterioi column 

15 

: 

i Left lateial ,, 

Nil 


Right posterioi ,, 

172 


Right lateral ,, 

M 

D 

L 

Anterior columns 

Nil 


The above experiment shows plainly that, with a weak stimulus, an effect is only 
produced m the nerve by stimulating the posterior columns, and that this effect is 
very marked when the directly continuous fibres in the posterior column of the same 
side as the observed nerve are excited, and is small when the fibies of the posterior 
column of the opposite side are excited A very small effect is produced by stimu¬ 
lating the lateral columns until the stimulus is strong, and even then an appreciable 
effect is obtained only from the excitation of the lateral on the same side as the nerve 
A similar experiment may now be quoted in detail upon the Monkey (333) 
(Macacus smicus ) The cord was divided m the anaesthetised animal at the 10th 

dorsal veitebra, so that the cut ends of the various columns could be excited as in 
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the previous experiment. Both neives were then prepaied and connected alternately 
with the galvanometer m the manner already described The excitatory electrical 
effects in each neive following the stimulation of the different columns of the cord 
weie observed with different intensities of stimulus, and the results, which are 
analogous to those obtained m the Oat, are shown m the following Table The left 
nerve was found to be less excitable than the right, but the resting difference of both 
was 005 D. 


Left Nerve connected 


Intensity of 
stimulus 

Region of cord excited at 
cross section 

Deflection of 
galvanometer 

2000 

Left posterior column 

14 


Left lateral „ 

Nil 


Right postenoi „ 

3 


Right lateral 5 

Nil 


Right Neive connected 


Intensity of 
stimulus 

Region of cord excited at 
cross section 

Deflection of 
galvanometer 

2000 

Left postenor column 

12 


Left lateral „ 

Nil 


Right posterior ,, 

68 


Right lateral „ 

10 


Intensity of stimulus doubled. 

' Left Nerve connected. 


Intensity of 
stimulus. 

LJU -*- - -- 

Region of cord excited at 
cross section. 

-—— . a. 

Deflection of 
galvanometer 

. k #00 

Left posterior column , 

106 

> * 

Left lateral ,, 

25 

* * : 
iL 

Right posterior ,, 

39 


Right lateral „ 

Nil 

>----—u,-- 

; Anterior columns 

i . . 

Nil 
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Right Nerve connected. 


Intensity of 
stimulus 

j 

Region of cord excited at | Deflection of 

cross section galvanometer 

i 

4000 

Left posterior column 52 

j Left lateral „ Trace 

Right posterior „ 112 

! Right lateial ,, 1 6 

Anterior columns j Nil 

1 i 


The effect in the mixed nerve of the Monkey is thus shown to he most strongly 
evoked when the excitation is that of the posterior column on the same side as the 
observed nerve This preponderance over those effects which are evoked in a minor 
degree from stimulation of the lateral of the same side and the posterior of the 
opposite side is very marked when the stimulus is minimal 

The two experiments thus quoted form two m a senes similarly made upon six Cats 
and five Monkeys, and the average results of all galvanometric deflections obtained in 
these form the most reliable data horn which to draw any conclusions as to the relations 
between the amount of electrical change m the mixed nerve and the special regions of 
the cord which were stimulated. We must, however, again discriminate between 
effects evoked by stimuli of only just sufficient intensity to ensure their presence, 
which we term minimal (i.e , 500 to 1000), and those which more strongly arouse 
the region excited, maximal (i e , 2000, occasionally 4000); hence, for every column 
excited, we have the result of a minimal and a maximal stimulus. 

Moreover, it is obviously useless to designate which nerve is connected with the 
galvanometer, if we place together— 

A All effects evoked by excitation of the posterior column which is on the same 
side as the nerve. 

B. All effects due to excitation of the posterior column on the opposite side to the 
nerve. 

C. Those due to stimulation of the lateral column oil the same side. 

D. Those due to stimulation of the lateral column on the opposite side 

Any alterations in the stimulation as to intensity and duration necessary in 
different animals do not affect the value of any comparison between the quantitative 
results of the members of each different group, since the stimulus was always the 
same during any one set of observations, and each set included stimulation in regulai 
succession of all the different columns indicated The total result of such observations 
in the Cat is as follows -— 
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Cat. 


Animal 

. 

Cord divided at 

Effect m sciatic nerve following 

A Excitation 
of posteiior 
column of same 
side 

B Excitation 
of postency 
column of 
opposite side 

C Excitation 
of lateral 
column of same 
side 

D Excitation 
of lateral 
column of 
opposite side 



Mm 

Max 

Mm 

Max 

Mm 

Max 

Min 

Max 

Cat(254) 

8th. dorsal 


85 


20 




0 




80 


8 




0 




82 


18 


12 


f o 

Cat (265) 

11th dorsal 

36 

86 

0 

32 

0 

7 

0 

0 





0 


0 


0 


Cat (311) 

8fch dorsal . 

49 

130 


20 




f 

i 




152 


26 








108 


36 




0 

Cat (329) , 

9th dorsal 

50 

85 

5 

25 

0 

10 

0 

0 



28 

89 

5 

22 


9 



Cat (363) 

9th dorsal 

42 

122 

8 

10 

0 

15 

0 




65 

145 

5 

28 

0 

10 

0 





138 


28 





Cat (331) 

10th dorsal . 

65 

140 

5 

15 

0 


0 





190 


30 


5 


0 




132 


5 







1 

; 172 


15 


5 


0 




1 240 

i 

40 


16 


0 

Aggregate 

sum 

! 335 

2178 

28 1 

378 

0 

89 

0 

0 

Average 

• 

48 

1 

128 

6 

I 

22 

0 

10 I 

0 

0 


From this it will be seen that with the minimal stimulus effects were obtained only- 
on exciting the posterior columns , that the effect, due to excitation of the posterior 
column on the same side as the nerve, was eight times as large as that due to excita¬ 
tion of the posterior column on the opposite side , and that no effect was produced by- 
stimulation of either lateral column With a stronger stimulus, it is seen that the 
effect evoked from the posteiior column of the same side was five times as large as that 
obtained from the posteiior of the opposite side, and further an effect was obtained 
from the excitation of the lateral column on the same side as the nerve 

Turning now to the Monkey, the results similarly grouped, are as follows — 
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Monkey 


Animal 

Cord divided at 

Effect m sciatic nerve following 

Excitation of 
posterior 
column of same 
side 

Excitation of 
posterior 
column of 
opposite side 

Excitation of 
lateral column 
of same side 

Excitation of 
lateral column 
of opposite 
side 



Min 

Max 

Mm 

Max 

Min 

Max 

Mm 

Max 

Monkey (270) 

8th dorsal 

59 


0 


0 


0 




40 

70 

0 

42 

0 

6 

0 

0 

Monkey (280) 

7th doisal 


190 


10 


2 






192 


2 


2 






135 


33 


80 


0 

Monkey (221) 

10th dorsal 


98 


26 


45 


8 




50 


15 


b 


12 




57 


24 


40 


2 


j 


102 


10 


20 


3 

Monkey (333 

10th dorsal 

58 

68 

18 

12 

0 

10 

0 

0 




106 


37 


25 


0 




112 


52 


6 


0 

Monkey (368) 

10th dorsal 

55 


16 


4 


0 




58 


2 


0 


0 





38 


6 


30 


0 




37 


14 


9 


5 




20 


8 


23 


0 

Aggregate 

sum 

270 

1275 

36 

287 

4 

304 

0 

30 

Average 

* 

54 

91 

7 

21 

— 

22 

0 

25 


It will be seen that with “ minimal ” excitation the average effect obtained in the 
sciatic nerve of the Monkey by the excitation of the posterior column of the same 
side was nearly eight times as great as that of the posterior column of the opposite 
side A small effect was obtained once after excitation of the lateral column of the 
same side, otherwise these results are m complete harmony with those in the Cat, 
With the stronger stimulus the average effects following excitation of the two 
posterior columns have the relation of nearly five to one, the larger being due to 
that of the posterior of the same side , and, as in the Cat, a marked effect follows the 
excitation of the lateral of the same side, this being equal to that evoked by stimula¬ 
tion of the posterior column of the opposite side 

Finally, if all the results m both animals are blended and we compare both the 
average effect and the highest deflection obtained m response to excitation of each of 
the columns, the comparison shows the following results. 


3 N 
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Average Nerve Effect produced by Cord Excitation (Cat and Monkey) 



Average 

Highest 

Posterior column, same side 

80 

192 

„ „ opposite side 

15 

68 

Lateral column, same side 

9 

80 

„ „ opposite side 

4 

12 

Total . . 

110 



The sum. of the average effects produced by all the columns is 110; of this the 
posterior column on the side of the nerve is capable of evoking about 73 per cent, 
the posterior colunm of the opposite side 15 per cent, the lateral column of the same 
side 9 per cent, and the lateral column of the opposite side 3 per cent. 

There is a great similarity, at least as regards the relation of the crossed to the 
uncrossed side, between these different quantities and those which were referred to at 
the end of the nerve-to-cord experiments, detailed m Chapter IX. An exact similarity 
could not be expected, since we are dealing in the present case with mixed nerves, 
hence efferent as well as afferent fibres are the subject of observation 

The presence of impulses which may be supposed to emerge from the cord by the 
anterior roots might account for an increase in the effect evoked in the nerves, since 
the excitation of such columns as the posterior may awaken reflex discharges from 
the cord down the motor roots 

This explanation, however, cannot be applied to the effects evoked by excitation of 
the lateral column on the side of the nerve, since we see that the effect evoked by 
this column is smaller than that which the results of Chapter IX would lead us to 
expect as probable from the indirect connections of its fibres with those of the 
posterior root only. There is no evidence of any accession of nerve impulses through 
this excitation, but rather of a resistance to the passage of impulses from the cord 
through the lateral indirect path into the fibres of the mixed nerve 

It is, however, essential to ascertain the amount of the effects in the afferent and 
efferent nerve tracts before proceedmg to discuss m more detail what the above 
experiments seem to indicate as to the relations of the cord to its nerves 

Section 4.—The Electrical Effects in Afferent Nerves following Excitation 
of the Spinal Core above their Point of Entry 

(1) The Posterior Roots. 

The simplest mode of obtaining the effects in afferent nerves is that of exposing a 
posterior roof, dividing it near the ganglion and connecting its cut central end and 
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the surface immediately above with the galvanometer circuit m the manner described. 
The objections to this experiment consist m the great shock to the animal which the 
necessarily prolonged exposure of the roots necessitated by the procedure seems to 
cause, and m the fact that the posterioi root does not hold out as long as the sciatic 
nerve, its excitability bemg more readily influenced by falling temperature, drying, &c 
"We have however succeeded m three different animals (Cat) m obtaimng a series 
of readings of the value of the root effect, the details of the experiments being as 
follows - 

In all three animals, the left 7th lumbar posterior root was selected, this being 
the largest of the posterior roots m the Cat which receives afferent fibres fiom the 
sciatic nerve, as shown in the accompanying repioduction of a photogiaph of the 
plexus (See fig IB) 

Pig 18 




The cord was first exposed m the lower dorsal region and prepared for excitation at 
the level indicated m the table, and then the cauda equina, and thus the roots, laid 
bare The 7th lumbar root was then exposed from origm to ganglion, ligatured near 
the ganglion and divided. It was raised in air by the ligature, and cables placed 
round its ligatured cut end and its surface 1 centim. above. The roots, as stated m 
Chapter IV, were remarkable in exhibiting a comparatively large resting electro¬ 
motive difference between the surface and the cut section 

The different columns of the cord were then excited, first with “minimal” and then 
with maximal stimulation; it was found that the electrical effect in the root resembled 

3 N 2 
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that of the nerve in character, hut owing to the difficulty of keeping the root protected, 
and at the same time insulated, the amount of the effect, and, presumably, the 
excitability of the root, declined, especially m one Cat (341), the results, therefore, 
are all modified by the fact, that as the ‘ minimal” stimulus was applied first, the 
deflection caused by the excitatory electrical root change is much larger in the case of 
the <c minimal” stimulus relatively to that of the “maxima!” stimulus than would 
otherwise be the case. 

The following table gives the results of the galvanomet.ric observations, each 
deflection bemg produced by electrical changes m the nerve root, corresponding to the 
localised excitation, for five seconds, with the interrupted induction current of the 
sectional area of a special tract of the cord as indicated below. 


Eeeect in Left 7th Lumbar Posterior Root 


Animal. 

Cord excited 
at level of 

Excitation of 
left posterior 
column 

Excitation of 
right posterior 
column 

Excitation of 
left lateral 
column 

Excitation of 
right lateral 
column 

Min 

Max 

Min. 

Max 

Mm 

Max. 

Mm 

Max 

Cat (341) . 

12th. dorsal 

190 


9 


0 


0 




135 


6 


0 


0 





110 


32 


0 


0 




108 


19 


0 


0 




90 


50 


0 


0 




90 


45 


10 


0 

Cat (348) . . . 

| 11th dorsal . 

192 


2 


0 


0 




170 


2 


0 


0 





200 


70 


0 


0 

Cat (362) . . 

10th dorsal 

50 

[ 

2 


0 


0 





i 240 


45 


0 


0 

s 

i 


253 


15 


0 


0 

Total sum . . 

* * t 

735 

1091 

21 

276 

0 

10 

0 

0 

Average 

' * 

147 

156 

4 

39 

0 

— 

0 

0 


It is seen that with the minimal stimulus an effect is practically only evoked by 
excitation of the posterior column of the same side as the root, with a stimulus of 
greater intensity an effect is also obtained with stimulation of the posterior column of 
the opposite side, this being one - fourth the amount of that evoked by stimulation of 
the column of the same side As regards the lateral columns, only once was any effect 
in the root obtained, and that was with stimulation of the column of the same side 
If it be remembered that the minimal effect is exaggerated in the case of the 
posterior columns by the fact that their stimulation coincided with the fresh condition 
of the- root, it will be seen that as far as the relations between the effects due to 



03ST THE MAMMALIAN NERVOUS SYSTEM 


461 


excitation of the two posterior columns are concerned, the above experiments give 
results which, are fundamentally the same as those obtained m the mixed nerve. On 
the other hand, the lateral column effect is almost entirely wanting m these 
experiments The alterations m the excitability of the posterior root itself may be 
to some extent responsible for this, and m any case should, if possible, be excluded. 
In order to carry out this exclusion, experiments were performed m which, whilst 
investigating the effect in the mixed sciatic nerve, the (motor) efferent paths were 
annulled by section of all the anterior roots of the lumbar plexus. 

(2 ) Effects m the Sciatic Nerve after Section of Anterior Roots 

This experiment we have performed on two animals (Cats), in each of which 
the cord was divided and exposed for excitation at the level of the 11th dorsal 
vertebra, and the left sciatic nerve prepared m the usual way for connection with the 
electrodes The lower lumbar cord and the cauda equina were then exposed m each 
animal by opening the canal for about 5 centims The anterior roots of the left 5th, 
6th, and 7th lumbar, and 1st and 2nd sacral nerves, were cut withm the canal 
All other connections were then divided, so as to leave the left sciatic nerve in con¬ 
nection with the cord by the posterior roots only 

The excitation of the coid proceeded m the usual manner, but a fi maximal ” intensity 
of stimulus alone was employed, and the time of stimulation was 7 seconds. 


Effect in Left Sciatic Nerve after Division of its Anterior Roots. 



Cord divided 
at 

Excitation 

Excitation 

Excitation of 

Excitation 

Animal 

of left posterior 

of left lateral 

right posterior 

of right lateral 


column 

column 

column 

column 

Cat (209) 

11th. Dorsal 

125 

not observed 

9 

0 


130 

50 

35 

0 



85 

not obseived 

15 

> not observed 

j 

. 

“ 

92 

15 

not observed 

55 

Sum 


432 

50 

59 

0 

Averag 

e 

108 

50 

20 

0 


From these figures it will be seen that the effect evoked m the sciatic nerve by 
excitation of the posterior column on the same side was more than twice as large as 
that resulting from excitation of the posterior on the opposite side and more than 
four times as large as that due to the lateral on the same side. 

In another animal the same anterior roots were divided, and in addition all the 
posterior roots on the left side and all nervous connections except the 7th lumbar 
posterior root, thus leaving the left sciatic nerve as a mere continuation of this 
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7 th lumbar posterior root. Effects of 35 and 20 weie obtained from excitation of the 
posterior colu mn on the same side, and an effect of 10 with excitation of the posterior 
column of the opposite side, no effect followed the excitation of the laterals. This 
experiment is very difficult m execution, owing to the depressing effect which the 
severe character of the operation produces m the cord, both directly and indirectly, 
through shock to the animal. "We have tried the experiment several times without 
success As far as they go, the results of the second experiment would seem to 
indicate that the lateral column effect is not present when only one channel of 
influence, that of the 7 th lumbar posterior root, is present, and this lesult is m 
accordance with the observations made upon the posterior root itself It is not 
impossible that the results of the first experiments with the sciatic nerve given m 
Section 3, in which an effect was always obtained from the lateral column of the same 
side, are due to the fact that the nerve investigated was left in connection with the 
cord by fibres emerging from at least three posterior roots, beside the 7 th lumbar, 
but as we have not been able to carry the investigation of this point further at 
present, we would merely emphasize the fact that the anatomical connections with 
the cord were different in the two cases. 

(3 ) Summary of the Facts m ( 1 ) and ( 2 ) 

If now we sum up the results of all these experiments when the nerve investigated 
is connected with the cord by afferent tracts only, we find that the average effect 
evoked by excitation of the posterior column of the same side 

147 + 156 + 108 + 28 439 

— 4 — 4 ~ 110 ’ 

the posterior column of the opposite side 

_ 4 + 39 + 50 + 10 103 

- A - 4 - uib , 

4 4 5 

the lateral column of the same side 

__ 10 + 20 30 

2 2 ^ 5 

the lateral column of the opposite side = 0. 

That is to say, as far as these readings go, of the sum of all the effects obtained, 
the posterior column of the same side was concerned with 110/151 = 72 per cent, of 
the effect in the nerve ; 

The posterior column of the opposite side was concerned with 26/151 = 17 per 
'etafe of such effect; 

' The lateral column of the same side with 15/151 = 10 per cent of the effect; 
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The lateral column of the opposite side with no part of the effect 
It is most remarkable how nearly these average figures resemble those obtained 
by exactly similar average methods when the whole mixed nerve was the part 
investigated 

This similarity suggested to us the possibility that the fibres in the anterior 
roots are but shghtly concerned in the production of the electrical effect in the mixed 
nerve when the cord is excited by such strengths of stimulus as have been used in the 
foregoing experiments (500-2000, very rarely 4000) 

It will be found on referring to Chapter VI, that whereas the electrical effect 
observed m the cord to follow excitation of the cortex is very considerable, it is very 
small m the sciatic nerve, and we there suggest that this difference involves a change 
in the amount, intensity, or quality of the nerve impulses m their passage through the 
unknown endings of the pyramidal tracts, and the known origins of the efferent 
nerves, the anterior cornual corpuscles (See fig 22, p 495, Chapter XI ) 

To what extent, and under what circumstances, electrical effects can be detected m 
the sciatic nerve, when all the posterior roots are divided and the nerve is connected 
with the cord by efferent fibres only m the anterior roots, becomes therefore a most 
interesting question 

To the consideration of experiments upon this point we will now turn. 

Section 5 — The Electrical Effects in Efferent Nerves following 

Excitation of the Spinal Cord 

The least complicated mode of experimentation for determining these effects would 
be that of directly observing the changes m the central end of a divided anterior 
root This experiment, however, we have not yet successfully accomplished, the 
difficulties in the way of obtaining satisfactory connections with a divided anterior 
root are augmented by its anatomical relations, and by the fact that, m order, as we 
shall see, to obtam any changes in the root an intensity of stimulus has to be applied 
to the cord which evokes general movements, thus dragging on the short root. The 
dangers of inadequate isolation have been already dwelt upon m Chapter IV Our 
attempts m this direction were so unsuccessful that we determined to employ the 
more laborious method of division of all the posterior roots, and examination of the 
electrical changes in the sciatic nerve. 

The plan of experiment, therefore, consisted in exposing the lumbar cord and 
cauda equina (see Plates 34 and 35, and fig 18), and then dividing the posterior roots 
of the 4th, 5th, 6th, 7th lumbar, 1st and 2nd sacral nerves, so as to leave the sciatic 
connected with the cord by the efferent fibres only 

We made experiments upon seven animals (Cats) on these lines, but m two of these 
we unfortunately did not divide the 5th lumbar posterior root and the connection 
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■with, the 4th, which, as the figure of the plexus shows, possibly furnish some, 
though a very small proportion, of the efferent fibres of the sciatic nerve 

The results of these two experiments are, therefore, not completely to the point, 
but they are in teresting as showing the increase m the relative size of the effects 
obtained with excitation of the posterior column on the opposite side of the nerve, 
and of the lateral column on the same side, in comparison with those evoked from the 
posterior column of the same side. 

The section of these posterior roots has thus cut down the preponderating effect 
obtained with excitation of the direct fibres m the posterior column 

Electrical Changes in the Sciatic Nerve after Section of the 6th and 7th Lumbar 

and 1st Sacral Posterior Roots on the Left Side 



Intensity of 
stimulation 

Effect in nerve following excitation of 

Posterior 
columns same 
side 

Posterior 
columns 
opposite side 

Lateral 
columns same 
side 

Lateral 
columns 
opposite side 

Cat (204) 

1000 

58 

70 

40 

0 



85 

120 

45 

0 

Cat (207) 

2000 

80 

5 

2 

0 


4000 

110 

43 

12 

0 



11 

25 





294 

263 

99 



Average . 

59 

53 

25 



The excitation of the anterior columns produced no effect. 

The results are, however, probably mixed, as will be seen by reference to the 
experiment on the remaining animals. 

In these ah connections of the sciatic nerve with the cord, except the anterior 
roots, were divided; the interesting fact then came to light that, even with a strength 
of stimulus above that employed in the previous experiments, very small electrical 
effects were evoked in the nerve by cord excitation, these being evoked by stimula¬ 
tion of the posterior column of the same side and the lateral of the same side. When, 
however, the strength of stimulus was increased very markedly, effects were produced 
which were more marked in the case of the lateral. It is not, therefore, until the 
intensity of the stimulus is far beyond the limits hitherto used that any marked nerve 
effect is produced by the passage of impulses from the cord down efferent nerve 
fibres. 

1 45* is illustrated by the following experiment upon a Cat (209), the cord being 
cut at the 11th dorsal, and all the posterior roots on the right side divided as 
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described. Witb a stimulus of 2000, effects in the right sciatic nerve were observed 
only from excitation of tbe posterior and lateral columns of the same side, the deflec¬ 
tions amounting to an average of 10 only On increasing the stimulus to a considerable 
strength (4000) a deflection of 70 was produced by tbe excitation of tbe lateral column 
of tbe same side. 

Still more striking experiments are the following made upon two animals (Cats), 
which may be set out m detail, tbe necessary strength of tbe stimulus employed being 
noteworthy. 


Effect in Efferent Nerves following Excitation of Spinal Cord. 


Animal 

Cord cut at 

Strength of 
stimulus 

Excitation 
of posterior 
column of 
same side 

Excitation 
of posterior 
column of 
opposite side 

Excitation 
of lateral 
column of 
same side 

Excitation 
of lateral 
column of 
opposite side 

Gat (195) 

13tli dorsal vertebra 

4000 

0 

0 

6 

0 



8000 

10 

17 

50 

2 




2 


32 


Cat (191) 

lOtb dorsal vertebra 

4000 

12 

0 

18 





6 

0 

35 




5000 

14 

0 

40 




6000 

12 


60 





do 


40 



Eresb section 

5000 

15 

0 

36 



lltb dorsal 

6000 

28 


35 





11 


45 





9 

6 

56 

0 


In tbe preceding experiments witb afferent fibres, tbe maximal intensity of tbe 
stimulus was that represented by 2000 ; tbe great increase in tbe intensity of tbe 
cord stimulus necessary to evoke effects m tbe nerve through efferent fibres is, there¬ 
fore, very striking. 

Another animal (Cat) which was experimented upon in tbe same way, must be con¬ 
sidered as furnisbmg rather doubtful evidence, since we bad previously not only exposed 
and excited tbe cut ends of tbe various divided posterior roots on tbe side of tbe nerve 
in order to obtain reflex effects, but bad divided all the anterior roots on tbe opposite 
side of tbe cord. These operations must, from their severity and extent, have altered 
tbe excitability of tbe cord itself As far as they go, however, tbe results are in 
accordance with those just set forth, since a stimulus of considerable intensity (3000) 
was necessary to evoke any effect in tbe nerve which, in the case of excitation of both 
posterior columns amounted to 30, and in that of tbe lateral column of tbe same side 
to 36 

Finally, in order to avoid tbe changes in excitability following immediate section of 
tbe posterior roots, those belonging to tbe 5th, 6th, 7th lumbar, and 1st sacral nerves, 
were divided on the left side in a Gat (227) 26 days before tbe experiment. "When 
mdcccxci — b. 3 o 
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examined at this later date, the animal was found to move m an ataxic manner, but 
was not paretic ; the sensibility of the left hind limb was very much diminished, and 
the left knee jerk was absent 

The histological examination of the cord showed at the lesion on the left side 
degeneration of (a) fibres entering the posterior cornu, ( b ) fibres m the posterior cornu, 
(c) fibres in the posterior root zone, ( d ) fibres in the posterior external column 
Higher up, at the 11th dorsal vertebra, there was no degeneration m the entering 
fibres, but a large cornu-shaped patch of degeneration in the left posterior external 
column. The left posterior median column showed no definite degeneration until the 
lower cervical region was reached 

The experimental results were obtained by dividing the cord at the level of the 10th 
dorsal vertebra, and preparing both sciatic nerves for connection with the galvano¬ 
meter. Each nerve when excited evoked electrical changes m the observed region, 
the left one (on side of lesion) more than the right On stimulating the columns of 
the cord, and observing the effect on the left nerve, it was found that, with the 
ordinary strength of stimulus, very slight effects of 4 and 8 followed excitation of the 
posterior column of the same side, and no effects were obtained with this strength of 
stimulus from either the lateral of the same side or the columns of the opposite side 

On the other hand, in the right nerve, effects of 35 and 56 were evoked by 
stimulation of the right posterior, and varied effects from 2 to 65 on stimulation of 
the right lateral 

The observation could not be repeated with stronger stimulus owing to the failure 
of the animal. 

An examination of all these results and comparison with those of Sections 3 and 4, 
will show that the effects aroused in the mixed nerve by stimulation of the spinal 
cord must be mainly due to nerve impulses travelling from the cord down the afferent 
(sensory) fibres ; since the effect due to impulses travelling down exclusively efferent 
(motor) fibres, in the first place, is very small in amount and, in the second place, is only 
produced by a strength of stimulus in excess of that employed m the experiments on 
the mixed nerve, and finally, is then mainly evoked by stimulation of the lateral tract 
of the same side as the nerve under observation. 

Section 6.—The Influence upon the Electrical Effect in the Nerve of 

Intervening Sections in the Cord. 

The experimental results to be studied under this heading throw more light upon 
the relations of the sciatic nerves to the 'spinal cord 

In the foregoing three groups of experiments, whilst excitatory electrical effects 
were evoked in the afferent, efferent, and mixed nerves by stimulation of the 
different columns in the cord, no direct evidence was afforded of the nature of the 
path in the cord along which the impulses, starting from the excited cross section 
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of any one particular column, pass to reach, the nerve roots It cannot he assumed 
that the result of the excitation of any particular column is to evoke nerve impulses 
which, in their passage to the issuing nerve roots, are limited to fibres in this 
particular column, or that any particular excitation, however strictly localised, may 
not excite by commissural fibres a neighbouring column Indeed, as far as the cord 
itself is concerned, the evidence afforded by the experiments (Chapter VIII) shows 
there is no absolute limitation of descending impulses to one column 

It is, therefore, a matter of great importance m connection with the present 
investigation to ascertain to what extent m the foregoing experiments the path of 
such impulses as issue by the nerve roots is limited in the cord to the particular 
column stimulated. We endeavoured to obtain information as to this m the 
foliowmg manner we first made experiments with the mixed nerve precisely 
similar to those already described (Section 3), that is, we connected the nerve 
with the galvanometer circuit, and excited the cut ends of the various columns 
of the cord, as displayed in a transverse section We then made a section of one 
column between the seat of excitation and the lumbar roots of the sciatic nerve, and 
repeated the first experiment under these conditions. We were thus enabled to 
ascertain how far the nerve effect due to the excitation of any particular column was 
reduced when the fibres of that column were all cut through. Any remaimng effect 
might be due to— 

(a ) The presence of fibres which passed from the stimulated mto other columns; 

(i b ) The presence of fibres connected with the corpuscular portion of the cord, and 
the awakening of the same by their means, the nervous impulses thus reflexly 
discharged proceeding either along fibres m other columns or along fibres in the same 
column below the interruption. 

To what extent these various factors come into play will be made evident by a 
careful analysis of all the results These are best grouped m accordance with the 
particular part of the cord which was the seat of the intervening section 


A. Influence on the Effect in the Nerve of Hermsection of the Cord. 

The first group of results show that an intervening hemisection of the cord 
completely abohshes the nerve effect produced by excitation of the columns on the 
side of section, as well as that evoked by excitation of the posterior column of the 
opposite side 

Thus the spmal cord was exposed and divided in a Gat (329) at the level of the 
9th dorsal vertebra, both sciatic nerves were now prepared for galvanometric observa¬ 
tion, and the electrical effects obtained by exciting the cut section of the various 
columns at the 9th dorsal vertebra observed, the results being given as under. 


3 o 2 
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Nerve observed 

Column of cord excited 

Excitation of 
left posterior 

Excitation of 
left lateral 

Excitation of 
right posterior 

Excitation of 
right lateral 

Left sciatic nerve observed, 





diff = 012 Darnell 

Deflection 85 

10 

25 

0 

Eight sciatic nerve observed, 





diff = Oil Darnell 1 

„ 22 

0 

89 

9 

Hemisection of cord on left side at level of 1st lumbar veitebra 


Left nerve observed 

Deflection 0 

0 

0 

0 

Right sciatic nerve observed 

„ 5 

0 

130 

8 


The above experiment thus shows that with such an intensity of stimulus as that 
used (1000) the result of an intervening hemisection on the same side as the nerve 
is to abolish the nerve effect If it is on the opposite side of the nerve, then the only 
effect interfered with is that evoked by the stimulation of the posterior column on the 
side of the lesion. It would therefore appear that with this strength of stimulus the 
nerve impulses, which subsequently cause the electrical effects, are localised to one 
side of the cord in both the area of stimulation and the subsequent path through the 
cord from that area to the issuing nerves 

There is, however, one pomt to which it is desirable to draw attention before 
proceeding to the next experiments. This is the absence of any effect m the left 
nerve when, with a hemisection limited to the left side, the light posterior column is 
stimulated. We do not interpret this a3 implying that there is no crossed path from 
the opposite posterior column to the roots of the lumbar nerves, but that either such 
crossing has to a great extent occurred at a higher level than the 1st lumbar vertebra, 
the level of the section, or that the hemisection had either directly (by injury) or 
indirectly lowered the excitability of the neighbouring posterior column, and that 
thus the intensity of stimulus used was inadequate to evoke nerve impulses which 
could pass down the afferent fibres of such an mdirect path as connects this col umn 
with the nerves on the opposite side This latter supposition is rendered not improb¬ 
able by an experiment made upon an animal (Cat, 283)* m whioh the hemisection had 
been performed four months before the experiment. The cord of this animal was 
exposed and divided for excitation at the 10th dorsal (the hemisection had been made 
on the left side at the 12th dorsal). The electrical effects produced in the two nerves 
by excitation of the different columns (coil 2000) were as follows — 


* For full description of tins animal during life and after death see pp. 429-430, 
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Excitation of 
left posterior 

Left lateral 

Right posterior 

Right lateral 

Oat (283) 





Left reive , . 

0 

0 

35 

0 

Right nerve 

0 

0 

* 1 

82 

15 


In this case the previous hemisection had rendered excitation of the columns on the 
side of the lesion quite ineffectual, as far as the generation and propagation of nerve 
impulses into either nerve were concerned The excitation of the posterior column on 
the opposite side to the lesion, however, evoked effects m both nerves. It would, 
therefore, appear that the crossing through grey matter from the one posterior column 
to the other, and so to the nerves, was in this case below the level of the hemisection, 
viz, 12th dorsal vertebra This experiment apparently is contradictory in its results, 
as regards the crossing from the opposite posterior column, to that just given, but 
putting aside the presence and absence of immediate shock in the two cases respec¬ 
tively, it must be remembered that the lesion in this case was two vertebise higher 
up The localisation to the particular column excited of the generated impulses at 
the area of stimulation is very clearly brought out by this experiment, as well as the 
failure of production of any crossed effect from the sound (right) lateral column into 
the left nerve. 

B. Influence on, the Nerve Effect of Section of the Posterior Column on the Same 

Side as the Nerve Observed 

The influence of the section of one of the posterior columns will be here considered 
before that due to section of both, for although its effects are more complicated, the 
experimental procedure by which the changes were produced involved the section first 
of one and then of the other column It will be found that the result is extremely 
definite as regards the particular column operated upon, as the following experi¬ 
ments upon two animals. Cat and Monkey, show It will be noticed that a con¬ 
siderable mtensity of stimulus was necessary to produce effects m the Monkey. 
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Section of one Posterior Column on the same side as the Nerve, Left Sciatic Nerv< 

observed, 




Column of cord excited 



Excitation of 

Excitation of 

Excitation of 

Excitation of 


left posterior 

left lateral, 

right postenor 

right lateral 

Gat (311) 

Cord divided at 9fch dorsal 
vertebra, 

Stimulus 500 . . , 

130 

0 

20 

0 


132 

0 

26 

0 

Left posterior column cut at 

0 

0 

10 

0 

1st lumbar vertebra 
Stimulus 500 . . 

1 

0 

0 

5 

0 

Monkey (333) 

10th dorsal 

106 

25 

39 

2 

Left posterior column cut at 
12th dorsal vertebra 

Stimulus 4000 . . 

3 

18 

12 

2 


6 

20 

10 

0 


In these two cases an intervening section of the posterior column on the side of the 
nerve observed had the effect of entirely abolishing, or diminishing to a mere trace, 
the large nerve electrical change which was formerly produced by the excitation of that 
.column It may therefore be inferred, that the fibres which connect the posterior 
column at the level of the 10th dorsal vertebra with the posterior roots of the lumbar 
nerves on the same side, run wholly in that column, and that the stimulation and the 
path are strictly localised therein. 

There is, however, a further result, that, namely, shown by a diminution m the 
nerve change evoked by stimulation of other columns. This may be due either to 
the cutting off of crossing fibres, or to a depressed condition m the excitability of 
the remaining part of the cord. 

It is improbable, however, that both the latter causes opeiated in these cases, 
sinee when we group together in the next table the influence of the lesion upon the 
electrical changes in the nerve of the opposite side, although we obtain m both 
animals evidence of diminution, yet the condition of the Monkey after the section 
was evidently one of mqre and not less excitability than it was before, since the 
uninjured right posterior column evoked larger effects than it did m the normal state. 
(See IJyperexcitability after Section, Chapter IX., Section 7, C.) 
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C. Influence of Section of the Posterior Column on the opposite side to the 

Nerve observed. 


Right Nerve observed. 



Column of cord excited 


Excitation of 

Excitation of 

Excitation of 

Excitation of 


left posterior 

left lateial 

right postenor 

right lateial 

Oat (311) 




* 

Cord divided at 9th dorsal 

36 

0 

108 

0 

vertebra 





Left posterior column, cut at 

4 

0 

48 

0 

1st lumbar vertebra 

2 


37 


Monkey (333) 





Cord divided at 10th 

52 

4 

112 

i 15 

Left posterior column divided 

30 

0 

150 

15 

at 12 th dorsal vertebra 






It is seen that the effect evoked m the nerve by stimulation of the posterior column 
of the opposite side is diminished by section. The diminution cannot he attributed 
to geneial lowering of excitability since it is present in both cases, and it will be seen 
that m the Monkey the excitability of other columns had increased. It must he due 
to the interruption by the lesion of fibres crossing through indirect channels from 
that posterior column As this interruption occurs in the posterior column, it would 
imply that there are fibres which cross over from one posterior column to the other, which 
have a wide distribution along the cord. The diminution is due to the cutting off of such 
fibres as descend to cross below the level of the respective sections; the effect still 
obtained after the section may be due to those fibres which, having crossed above the 
level of the same, are not interrupted by the lesion Reference to the spinal cord 
experiments (Chapter VIII.) will show that according to our experiments the fibres 
in the two posterior columns have very extensive indirect connections with each 
other. 

D. Influence of Section of both Posterior Columns on the Electrical Effects evoked in 

the Nerve . 

When both posterior columns were divided, mere traces of nerve effect were 
evoked by excitation of either column, even when the stimulus was sufficiently 
intense to produce marked effects from stimulation of the lateral column on the same 
side as the nerve. 

This is shown by the following experiments made upon the same two animals, the 
nerve effect due to excitation of each different column being compared before and 
after the intervening section of the posteriors 
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Nerve observed 

Column of cord excited 

Excitation o£ 
left posterior 

Excitation of 
left lateral 

Excitation of 
right posterior 

Excitation of 
right lateral 

/ 

Cat (811) 





Section of 9th dorsal 


Before 

26 

0 

Left nerve (stimulus 500) 

152 

0 

20 



130 


81 

8 

Right nerve 

1G 

0 



Section of both posteriors at 





1st lumbar 


After 

0 


Left nerve (stimulus 1000) 

0 

30 

18 

5 

Right nerve » . 

0 

0 

0 

0 

Left nerve (stimnlus 2000) 

0 

65 



Monkey (883) 

l 




Section at 10th doiSal 

j 

Before 

112 

1 

6 

Right nerve (stimulus 4000) 

52 

4 



Section of both posteriors at 





12th dorsal 


After 

O 

21 

Right nerve (stimulus 4000) 

6 

0 



Cat (251)* 





Section, 1 month previous, at 





10th dorsal 





Right nerve (stimnlus 4000) 

0 

10 

0 

3.5 


It is evident that the interruption, as far as the posterior column is concerned, is 
now practically complete for both nerves, hence all the fibres by which these columns 
are connected with the lumbar nerve roots are now severed, and thus ally crossing of 
nerve impulses out of either posterior column mto the lateral columns, or into any 
structure except the other posterior at a level higher than that of the 12th dorsal, is 
negatived. 

It remains now to see the influence of section of the lateral column upon the 
effect. 


E. Influence of Section of the Lateral Columns on the Electrical Effects evoked 

in the Nerve . 

The limitation of the area of stimulation, and the localisation of the descending 
nerve impulses to the fibres of the excited column, are apparently very complete in the 
case of the lateral column, so far as the records of muscular movements can show. 
{Of Schitf, see p 347.) 

It remains to be seen to what extent this is true of the particular impulses now 
studied which, as our previous remarks have shown, must be considered as conveyed 
into the nerve by the posterior as well as the anterior root fibres. 

* l' 01 * fall description of this animal, i,e , appearances dnrmg life and death, see <b. 439 
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The expeiiments upon this point were made upon two Cats, m one of which (259)^ 
the lateral column had been divided 34 days previous to the experiment, whilst in 
the other an intervening section was made of all stiuctuies except one lateral 
column at the time of the experiment 

The results of the experiment m the fiist case are given m the adjoining table — 


Left Lateral Column divided 34 days before Experiment, at 10th Doisal Vertebra 




- Column of cord excited 

* 

Nerve observed 

Excitation of 
left posterior 

_ 

Excitation of 
left lateral 

Excitation of 
right postenoi 

Excitation of 
right lateral 

Cat (259) 

Section at 4 th dorsal veitebra 
Left sciatic observed—- 
Stimulus 1000 

35 

0 

0 

0 


48 

0 

12 

0 

2000 

22 

0 

52 

0 

Right sciatic obseived— 
Stimulus 1000 

20 

0 

40 

0 

2000 

42 

0 

78 

28 

! 


It will be noticed that no change at all m the left nerve followed excitation of the 
left lateral column, although, in the right nerve, a change was evoked from the 
right lateral column Since, however, nerve effects are not easily evoked from the 
lateral column by moderate stimuli, and when these are employed strong violent 
reflex effects are produced by stimulating other columns, it was desirable to adopt a 
different procedure and make an intervening section of such character as would 
divide all fibres except those m one lateral column, which could then be used as a 
standard of compaiison 

The results before and aftei such division are shown in the following table — 


* For full description of tins annua! as regains its appearances during life and after death, see p 405 
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Column of cord excited 


Nerve observed 

Excitation of 
left postenoi 

Excitation of 
left lateral 

■ 

Excitation of 
light postenoi 

Excitation of 
light lateial 

Cat (363) 

Section at the 9th doisal 
vertebra 

Left nerve 

Stimulus 500 . . 

42 

0 

8 

0 

1000 

122 

0 

10 

0 

2000 

138 

0 

28 

0 

Section of all columns except 
right lateral at 12th dorsal 
Stimulus 2000 . 

i 

0 

0 

0 

0 

4000 

0 

0 

0 

14 

Right nerve Before section 
Stimulus 500 . 

V 

0 

0 

95 

0 

2000 . 

28 

0 

145 

0 

Section of all columns except 
right lateral at 12th dorsal 
Stimulus 2000 

0 

0 

0 

0 

4000 

0 

i 

0 

0 

28 


In these experiments, it is seen that the right lateral column was excluded from 
the section, and that stimulation of no other column above the section, except the right 
lateral, produced any nerve effect. 

It has, however, been shown in Chapter IX that when impulses proceed up the 
posterior roots into the cord they are conveyed to some extent (20 pei cent) by the 
lateral columns of the same side A connection between the posterior root fibres and 
the lateral column, presumably by means of fibres in the posteuor column or cornu, 
must therefore exist. This connection is, however, of such a special kind that it 
offers an evident resistance to the passage of impulses backwards from the cord into 
the root. The fact that no effects in the above experiment could be obtained when, 
with the lateral column as the sole bridge between the excited upper portion of 
the cord and the nerves, the posterior columns were excited, shows that any spread 
of path from the posterior to the lateial columns, if it exists, must either be below 
the le^el of the section (12th dorsal) or must offer a resistance to the passage of 
impulses in the downward direction which it does not offer to their passage m the 
upward direction, that is, m their ascent towards higher centres 

The relations which the cord columns appear to have with one another, as given m 
the summary of Chapter VIII., are m this respect of great interest and importance 
Two results are clearly brought out by the consideration of the series of experiments 
in the whole of this section; the first that the analogous character of the general 
electrical results in cord and nerve, without being pushed too far, may be extended to 
this point, that the stimulation of any one column in the cord is a localised stimulation 
of the nerve fibres m that column only, and the second, that the resulting nerve 
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impulses generated at the seat of stimulus are propagated to tlie root of tlie nerves 
along fibres constituting du^ect and indirect tracts, winch are for the most part con¬ 
fined to the particular column which has been excited, the sole exception being that 
of the posterior column on the opposite side to that from which the nerve roots 
spring 

Section 7 —Summary and Conclusions 

The experimental results detailed m this chapter form a sequel to those of the 
preceding Chapter IX., as to the relations which exist between the lumbar nerves and 
the spinal cord Complete harmony between the results of the two series of experi¬ 
ments is not to be expected from the very different physiological and anatomical 
conditions which they involve. It will, however, be seen, if we compare the present 
results with those given m the summary of Chapter IX, that as regards the main 
points the one set form a corollary to the other. 

In order that the salient features of the two should be clearly expressed, the 
following Table, m which all the results of the present chapter are massed under 
different heads, is laid before the reader 

The Table shows the average percentage of the total amount of the effect which 
has been observed in the sciatic nerve, or its roots, when each lateral and posterior 
column of the cut cord is respectively stimulated 

The same average percentage is also shown, when the stimulus is minimal, in a 
separate appended table 

I —The Amount per cent of the Total Nerve Effect evoked by adequate Cord 
Stimulation due to Localised Excitation of Particular Columns. 


Charactei of nerve con¬ 
nected with galvanometer 
circuit 

1 Excitation of 
posterior column 
of same side 

2 Excitation of 
lateral column 
of same side 

3. Excitation of 
posterior column 
of opposite side 

4 Excitation of 
lateral column 
of opposite side 


Per cent 

Per cent 

Per cent 

Per cent 

Posterior root 

85 

8 

12 

0 

Mixed nerve sciatic 

73 

9 

15 

3 

Sciatic Nerve with an¬ 
terior roots cut 

7B 

10 

17 

0 

Avei age 

! 

77 

7 

15 

1 


II — The same when the Cord Stimulation is Minimal 


Character of nerve con¬ 
nected with galvanometer 
circuit 

1. Excitation of 
posterior column 
of same side 

2 Excitation of 
lateral colnmn 
of same side 

3 Excitation of 
posterior column 
of opposite side, 

I 

4 Excitation of 
lateral column 
of opposite side 


Per cent 

Per cent 

Per cent 

Per cent 

Posterior root 

97 

0 

3 

0 

Mixed nerve 

84 

0 

16 

! 

0 


3 p 2 
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If these results are to be relied upon as indicating not merely different amounts of 
electrical change, but the presence of different amounts of nerve impulses propagated 
from the stimulated area along the cord and into the observed nerve, then their main 
features indicate the following relations between the doisal cord and the sciatic 
nerve in the case of cord-to-nerve experiments — 

(1.) The path of least resistance, as shown by “minimar’ stimulation, between the 
cord and the afferent fibres of the sciatic nerve, is that of the posterior column of 
the same side, this path being that of the directly continuous afferent fibres 

(2 ) Of the indirect nerve paths between the cord and the afferent fibres, the path 
of least resistance is that of the posterior column of the opposite side, as is shown 
also by Table II. 

(3.) The afferent paths, direct and indirect, along which nerve impulses can be made 
to travel (backward) from the stimulated cord to the sciatic nerve, have the following 
relations to the posterior roots of the sciatic nerve, as shown m Table I — 

(a ) The posterior column of the same side conveys 77 per cent of the amount of 
nerve impulses, 

(b.) The lateral column of the same side conveys 7 per cent , 

(c ) The posterior column of the opposite side conveys 15 per cent , 

(d ) The lateral column of the opposite side conveys a mere trace. 

We will now compare these deductions with those of the preceding chapter from 
nerve-to-sord expenments These latter were briefly as follows — 

(1 ) The spinal path by which afferent impulses proceeding up the nerve travel in the 
cord is, when these impulses are generated by “ minimal ” excitation, almost entirely 
that of the posterior column of the same side, i e , the directly continuous one. 

(2 ) Of the mduect spinal paths along which such ascending impulses travel, that in 
the lateral column is the path of least resistance of the same side 

(3.) All the afferent spinal paths have the following relations to the posterior roots of 
the sciatic nerves as regards the transmission of afferent impulses generated m the 
fibres of the sciatic nerve — 

(a ) The posterior column of the same side conveys an average of 60 per cent, of 
the total amount (intensity and quantity) of nerve impulses, 

( b ) The lateral column of the same side conveys 20 per cent , 

(c ) The posterior column of the opposite side conveys 15 per cent , 

(d ) The lateral column of the opposite side conveys 5 per cent 
The following features of these two sets of deductions are similar — 
i. That the channel of connection with the posterior roots is par excellence that o^ 
the fibres in the posterior column of the same side, 

it That what crossing does exist is almost entirely due to indirect continuity with 
the fibres in the posterior column of the opposite side, 

in That the crossed path represents only about 15 per cent, of the available path ; 
iv. That the fibres m the lateral column have very much closer indirect relations 
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with the fibres of the posterior roots on the same side than they have with those on 
the opposite side, these last being scarcely represented 

The most striking differences between all the connections of the posterior roots with 
the cord, as dependent upon whether impulses are made to ascend or descend 
them, are— 

1 For ascending impulses the lateral column of the same side affords indirect 
channels of greater efficienc} 7- than the crossed path in the opposite posterior column, 
or, a fortiori, the opposite lateral column 

n For impulses descending along afferent paths the lateral column affords indirect 
channels of less efficiency than the crossed path m the opposite posterior column 
in The ease with which the ascending impulses evoked by “ minimal ” excitation 
cioss from the posterior loot into the posterior column of the opposite side is con¬ 
siderable as compared with that which characterises the passage backwards from a 
posterior column into the opposite nerve roots when descending impulses aie evoked 
by such “ minimal ” excitation 

These differences tend to show that although there is no absolute block to the 
backward passage of impulses descending afferent channels into affeient fibres of the 
nerve, such as exists m the anterior roots to the passage upwards of ascending impulses 
m efferent channels, yet there is a physiological difference between the facilities 
which afferent indirect paths offer to the passage of impulses, this passage being 
much easier when it occurs in the normal ascending direction 

We now consider ourselves warranted m concluding that, as far as the affeient 
tracts are concerned, the deductions of Woroschiloff, Mibscher, &c , leferred to 
on p 420, are founded on experimental results which, from their nature, leadily 
admitted of misinterpretation, and that both physiological experiment and anatomical 
investigation point with great distinctness to what is the true afferent path Our 
observations confirm the views as to the physiological properties of the posterior 
columns set forth m 1847 by Longet and reasseited by Schiff, with this modifica¬ 
tion, that although the posterior columns form the mam path of connection between 
higher portions of the cord and the postenor roots of the nerves, yet there is a path 
in the lateral column which is strictly confined to the side of the entering roots 

It may be urged that there are pathological cases (Brown-Sequard) which 
undoubtedly exist, of motor paralysis on one side and hemianeesthesia on the other, 
following a local lesion of the cord. In reply, we can only state that we believe much 
more definite evidence than that afforded by the existing clinical data must he forth¬ 
coming m order to shake the solidity of the foundations for our propositions, a solidity 
derived from the welding together of all the foregoing quantitative results of exact 
experiments We therefore are compelled to regard the above clinical experiences as 
either m no way indicative of the normal relations of the cord to the nerves, or as 
capable of explanation on the supposition that the lesion has affected at the same time 
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the motor path (lateral column) on one side and the principal afferent path (posterior 
column) of the opposite side 

Finally, the results of the foregoing sections have brought to light some interesting 
details as regards the relation of the cord to the efferent nerves 

In the Table it will be noticed that the results, obtained with "minimal” stimuli, 
as regards the sciatic nerve, are not affected by section of its anterior roots , hence, 
as far as the cord stimulation m these experiments extended, no nerve impulses passed 
down the motor roots capable of causing perceptible electrical changes in the nerve 
except with strong stimuli. 

As far, then, as the localisation of the path of efferent fibres in the cord is concerned, 
the present investigation has at present gained no further information, the lateral 
column on the same side as the issuing nerve is the main path for outgoing nerve 
impulses m the lumbar nerves But the method has brought to light a remarkable 
characteristic of this path, namely, that at one portion, that which connects m the 
spinal nerve-centres the pyramidal nerve fibres with the origins of the anterior root- 
fibres, it exercises such a modifying influence upon the traversing impulses that these 
issue so altered in number, intensity, or quality, as to cause but very slight electrical 
effects in the nerves, and that it is not until a comparatively strong stimulus is used 
that the issumg impulses are of such kind as to cause really appreciable nerve effects. 

This brings us to the subject of the next chapter, which deals with the physiological 
relations between the nerve-corpuscles and the neive-fibres. 


CHAPTER Xr—OH THE FUNCTIONAL ACTIVITY OF HERVE CENTRES AS EVIDENCED 

BY THE PRESENT METHOD 


Section 1 ■ 
Section 2 


Section 3,- 
Seetion 4*.- 

Section 5 - 
Section 6.- 
Sectxon 7 - 


-The present state of knowledge of the relations of the nerve centres in the cord 
(1) Anatomical (2) Physiological 

-Experiments by the galvanometric method directly hearing on the spinal nerve centres. 

1 Resistance offered by the efferent side of the centre to the passage of impulses 

2 Resistance offered by the afferent side to the passage of impulses 
-Character of the impulses discharged by the spinal centres 

-The influence exerted upon the electrical changes nr a directly-excited nerve by its attach¬ 
ment to the spinal cord 

-The spread of reflex discharges up and down the cord (mterauneial fibres) 

-On the electrical changes in the cortical nerve centres 
-Summary 


Section 1.—The Present State of Knowledge as to the R ela tions of the 

Nerve Centres in the Spinal Cord. 

The employment of the galvanometric method to estimate quantitatively the 
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excitatory state of the nerve channels or fibres m the cord led us to attempt to 
apply it as a gauge of the conditions prevailing m and between the spmal centres. 

Even a careful review of the histoiy of the subject fails to show absolutely moie 
than a few facts from which knowledge of the actually intracentral processes may he 
drawn We will now present m a brief sketch what is understood from anatomical 
and physiological evidence to fairly lepresent the structure and functional activity 
of simple nerve centres, such as those m the spinal cord, in older that the bearing 
of our own observations may be more comprehensible. 


1. Anatomical Relations 

The most recent anatomical investigations by Golgi, Held, Flechsig, and others, 
chiefly by means of the methods of staining devised by Golgi, have established the 
justification for regarding a nerve centre in the spinal cord as constructed as 
follows — 

(a) An afferent side (“ sensory ”), to which run afferent channels from the 
posterior root 

(b) Field of conjunction between the afferent and efferent sides 

(c.) An efferent side consistmg of large nerve corpuscles, from which issue the 
efferent channels 

(a ) Examined m further detad it appears that, of the afferent channels running into 
the spmal cord from the posterior roots, some ascend directly in the posterior and 
postero-median columns, others enter the posterior cornu of grey matter, and are lost 
therein, others pass through the grey matter far into the anterior cornu of the same 
Further, the afferent side is composed of a ground basis, fibres, and corpuscles, the 
branches of which cannot be traced soon after their subdivision 

(b ) The field or area in which connection exists between the two sides of a nerve 
centre is differently accounted for by vanous observers All, however, are agreed 
that the central branches of the large efferent so-called motor corpuscles repeatedly 
subdivide towards the afferent side, and tend to foim what was formerly described as 
a network (Geklach), but the anastomosis of the elements of which appears to be 
more and moie doubtful with further knowledge (The actual mode of conjunction 
between the afferent side and these branches of the efferent corpuscles is, therefore, 
unknown ; but it is easily conceivable that as much as is known, i e , subdivision, &c, 
may very properly be regarded as the seat of higher resistance, and we believe that 
this field of conjunction is the region in which should be localised what we subse¬ 
quently express as the “ block 55 to the passage of functional impulses.) 

(c ) The elements on the efferent side have been long known as the “ motor ” part of 
the nerve centres The large corpuscles, recognised by many authors to be distinctly 
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fibrillated in their intimate strucbuie,^ shew a peculiar arrangement of one medullated 
outgoing branch, and from the opposite side numerous subdividing branches. 

Spinal Ganglia —A woid must here be interpolated on the structure of the 
ganglion of the posterior root m its character as a simple neive centre. 

All researcht on the anatomical structure of these ganglia goes to show that their 
corpuscles pass through a change in the course of then development, being at first 
bipolar and afterward unipolar, and that any axis cylinder m relation to any such 
corpuscle does not directly enter this but gives oh* a branch at light angles to the 
ganglion cell, thus foimmg what has been termed a T-shaped junction 

In addition, it has been shown| that there are fibres (as “determmed” by the 
degeneration method) which pass through the ganglion (spinal) into the posterior 
root without coming into any relation with its cells To sum up shortly, therefore, 
it is evident that there are passing through a spinal ganglion numerous direct proto¬ 
plasmic nerve channels 

We have now to sketch further the afferent and efferent relations of the spinal 
nerve centres with the encephalon, with the other centres m the spinal cord, and 
with the periphery. 

Afferent Channels of Communication —The afferent paths may advantageously be 
considered m reverse order to that just given 

The afferent fibres in the posterior root are now known t.o have the following 
destinations as regaids the spinal nerve centres — 

1 • Some pass the centres and, without communicating with them, enter the postero¬ 
external column and finally course up the postero-median column to the nucleus 
gracilis 

2 Others enter Clarke's column where that is present 

3 Others enter the posterior hozn, and are lost in it 

4. Others enter the posterior horn, but pass through it to enter the anterior horn 

5. Some fibres bifurcate on their entry into the cord, one branch ascending and one 
descending; the branches end m a fine plexus in the grey mattei (Kolliker) 

The different fibres leaving the spinal nerve centre to connect with its neighbour 
have never received absolute anatomical demonstration, but from the results of 
physiological investigation their existence must be postulated. 

The afferent fibres connecting the spinal nerve centres with the encephalon have 
been determmed by the degeneration method to pass up the direct cerebellar and 
antero-lateral tracts and have been traced as far as the cerebellum and pons, hut no 
further 

* See particularly Max Schultze, and H SchulTze, ‘Arohiv f Anat. u. Physiol ’ Flemming 
Hrnlb’s ‘ Festschrift' 

t See parkcnlarly Ranyier, c TraiM Technique d’Histologie ’ His, ‘ Tageblatt der Naturforschei 
Yersammlung zu Berlin, 1886 ’ Fritsch, 1 Archiv f Mikrosk Anatvol 27, 1886 

$ JosgpH, ‘Arcluv f Anat n Physiol * (du Bois-Reymond), 1887, p. 807 
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Efferent Channels of Communication —The efferent path from the encephalon, i e , 
cerebrum, is well known as the pyramidal tract, and the fibres composing it ate 
commonly supposed to end m the corpuscles of the anterior horns As this 
connection is of the utmost importance, we may be permitted to discuss the point at 
a little further length 

The evidence by the degeneiation method shows tbat the principal mass of the 
pyramidal tract fibres do not run towards the corpuscular elements m the anterior or 
ventral horn, but towards the posterior or dorsal portion of the nerve centres, thus 
suggesting that the fibres join rather the field of conjunction than the efferent side 
Again, the degeneration method shows clearly that no pyramidal fibres pass directly 
out into the anterior root 

Anatomically therefore there is evidence of some structural change in the path 
where the pyramidal fibre comes into relation with the spinal centres 

The distribution of the pyramidal fibres m the spinal cord is still so much a matter 
sub juchce, especially after recent work by the histological* methods, that the complete 
destination of the fibres, when yet at the upper part of the cord, is unknown 

The existence of efferent fibres (mternuncial) connecting each nerve centre with the 
next and others below it have, like the afferent mternuncial system, been surmised to 
exist from physiological evidence, all anatomical facts being wanting 

We believe that our previous experiments (see bilaterality, &e ) go to show that 
such efferent mternuncial fibres must be few m number and but feebly differentiated 
The efferent channels from the spinal nerve centies are the fibres composing the 
anterior roots 

Commissural Channels of Communication —Of commissural connection between 
spinal nerve centres of opposite sides of the cord no certain anatomical proof exists, 
but the presence of such connection is surmised from the physiological evidence, and 
is morphologically suggested by many researches, especially those of Lockhart 
Clarke and Golgi 

2 Physiology. 

While the spinal nerve centres have been investigated m numerous ways since 
WuNDTt estimated the delay m the passage of an impulse through them, it is 
remarkable how little is known with certainty of their functional activity 

By the galvanometric method we have been able to establish some fundamental 
considerations on this matter, and, to indicate their bearing, we will first enumerate 
categorically the facts that have been previously ascertained by various investigators 
The facts may be conveniently divided under the headings of— 

# See particularly C Golgi, £ Anatomiseder Anzeiger,’ 1890, Nos 13 and 14, and C. Sherrington, 
‘ Journal of Physiology,’ &c 

t Wundt, * Untersuchungen zur Mechanifc der Nerveu und Nervencentren,’ 1876 
MDCCCXCI.—B 3 Q 
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A. Spinal ganglion. 

B Jugular ganglion of vagus 
C Spinal cord nerve centres 
D Channels of communication 

A Owing to the fact that the spinal ganglion has been made the object of some 
important exper im ental observations we think it better to state these first, although 
they are not, m our opinion, to be placed on the same ground as the phenomena 
relating to the spinal nerve centres. 

This latter position is justified on consideration of the anatomical structure of a 
spinal ganglion previously given, which shows that it is traversed by “ through” 
protoplasmic channels 

(a ) Transmission of the Excitatory Electrical Change. 

Du Bois-Beymond observed* * * § that when excitation was applied on the pioximal side 
of a spmal ganglion the “ negative variation ” was observable m the nerve trunk on 
the distal side 

(b ) Delay in the Transmission of a Nerve Impulse through a Spinal Ganglion 

ExNERt considered that his observations on a spinal ganglion m the Frog, warranted 
the opinion that the delay m the transmission of the excitatory condition (negative 
vanation) through a ganglionwas the same as would be produced by its passage along 
a nerve fibre; that, m short, there was no special delay. As these observations were 
made with Bernstein's differential Bheotome, we agree with Gad that they may be 
possibly conditioned by summation. 

(c.) Trophism. 

As is well known since Waller’s^; classical experiments, the ganglion exercises a 
trophic influence on the afferent nerve channels§ running in the posterior root 

B. Before passing to the observations on the spinal cord nerve centres, we must 
specially allude to the valuable work by Gad and Joseph|| on the subject of delay in a 
ganghon. The ganglion they chose was not a spmal ganglion, but its homologue, the 
jugular ganghon of the vagus in the Babbit. By recording the instant of change in the 
respiratory movements when the vagus was excited, respectively on the pro xim al and 

* c Untersuchungen iiber ttuensche Elektncitat,’ 1849, vol 2, 5, 601 

f ‘ Archly for Anatomic und Physiologic —Phys. Ahth 1877, p 567 

X 1 Comptes Rendns de l’Academie des Sciences,’ 1851, &c. 

§ Excepting the fibres described by Max Joseph 

f] * Archiy fur Anatomic n. Physiologic,’ Du Bots-Reymond, 1888 
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distal sides of the ganglion, they established reason for believing that the impulses 
which affected respiration were delayed m transmission through the ganglion to the 
extent of 036 second As Gad and Joseph point out, these experiments are open to 
the criticism that the summation of snbmmimal stimuli may be an important factor 
m producing the result. 

G. The conditions under which the functional activity of the nerve centies of the 
spmal cord, as indicated by muscular contraction, is evoked necessarily form the 
major part of the facts at our disposal 

These conditions may be arranged as follows — 

(1 ) Adjuvants —Warmth Preliminary influence of cold After effects of section 
of spinal cord* a little distance above the nerve centre Some drugs, e g , 
strychnia, &c 

(2 ) Depressants —Prolonged fall of temperature Shock after division of the spinal 
cord (greater m proportion to proximity .of section to nerve centre) + Anaemia 
Narcotic drugs (anaesthetics, &c) 

(3 ) Delay —A series of measurements have been taken of the time lost duiing the 
passage of a nerve impulse from one posterior root through a spmal neive centre to 
the corresponding motor nerve of the same side. This delay, or time-loss, has been 
estimated by the majority of observers^ to be about 01m the Frog (Exner, in 
man, bulbar reflex 04 second) This refers only to the “ dmect reflex/’ i.e , of the 
same side as the excitation. 

The delay with the “ crossed reflex” (see later paragraphs) is 004 second longer 
than the direct 

(4.) Mode of Discharge —A spmal cord nerve centre can be excited by a single 
induction shock if it be apphed to an afferent channel The effect pioduced as 
recorded by the contraction of a muscle is apparently that of a single twitch If an 
interrupted current be applied to the spinal cord or an afferent channel, the effect 
similarly recorded is a continuous contraction 

An effect m the muscles of an mtermediate form has been frequently recorded, viz , 
a rhythm, the rate of which has been determined to be, on the average, eight to ten 
per second 

Occasionally an after effect has been noted, i e , a few musculai responses after the 
spinal excitation has ceased, and in some cases these are continuous. 

(5 ) Trophism —It is well known that lesions of the spmal nerve centres which 
involve the efferent nerves are attended by wasting and other evidences of failure of 
nutrition m the parts which are m relation with the centre m question. 

* See Francois Franck, loo czt , v. Bezold, loo cit, &e, &o. 

t JDe Boeck, ‘ Arcbiv fur d ges Physiologie ’ (confirmed also by onr observations) 

X Particularly Helmholtz, Wundt, Franck, Cyon, and others Loo. c%t 

3 Q 2 
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(t>) Summation of Stimuli. —A. most characteristic feature of the functional activity 
of a nerve centre is its propeity of summating (Stirling) submmimal stimuli with 
the effect of producing an apparently complete discharge 

D The channel of communication between a spinal and other centres may be 
briefly alluded to as follows — 

(a ) Relation of one spinal nerve centre to another. —It is not possible on this point 
to improve upon the classical “ Gesetze” of Pfluger,^ viz , that— 

(1) In a simple reflex the muscular response is always on the same side as the 
excitation 

(2 ) If a reflex is bilateral, the analogous muscles of the opposite side are thrown 
into action 

(3 ) If a reflex is bilateral, the movements on the side opposite to that stimulated 
aie much weaker than those on the same side (Of our results on p 494 ) 

(4.) If associated reflex centres are excited, the association is found to have an 
ascending arrangement in the spinal cord, culminating in the medulla oblongata, 
whereas of the encephalic reflexes the association is of a descending character, and also 
culminating m the bulb. 

(b ) Conduction. —Scmirf showed, by section of the crossed pyramidal tract, that 
the fibres running m it to the lowest spinal centres were undoubtedly the channels of 
conduction from the encephalon 

ExnerJ came to the conclusion, by time measurements, that there was a delay 
experienced by the excitatory condition or impulse traversing the spinal centres, 
when, the descending tracts m the cord having been excited, muscular contractions 
followed; but he admits that his results do not permit of a demonstration of the 
amount of time lost. 


Section 2.—Experiments by the Galvanometric Method directly bearing 

upon the Structure of Nerve Centres 

(t.) Resistance offered by the Efferent Side of the Centre to the Passage of Impulses 

The results which have been obtained by our method are best arranged according to 
the particular part of a nerve centre to which they appear to refer 
In considering the anatomical structure of a nerve centre as we have given it on 
p. 479, it is evident that the region of greatest obscurity is that which we have 
termed the area or field of conjunction between the afferent and efferent sides, and 

* Die seasons eke el Fiinctionen des Ruckenmaxks der Wirbelidnere,’ y. E PfliJger. Ber lin 1853 
f * Pi'LuusR, ArcHy,’ vol. 30,1883, p 248. 

% * Pflugbr, Arokiy/ vol. S, 1874, p 537. 
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m which, theie is fiom physiological evidence reason to believe considerable delay 
occurs m the passage of the impulses through the centre 

Such histological evidence as has been referred to m Section 1 suggests that the 
structure is of such nature as not to facilitate the passage of impulses through this 
region, but when we performed the following series of experiments we weie surprised 
to find the degree to which such hypothetical obstruction really pi evaded It 
occurred to us that the obstruction might be more marked to excitatoiy impulses 
passmg in the reverse direction, i e , from efferent to afferent mechanisms We were 
not at all piepaied, however, to discover, as we have done, that that obstruction was 
actually an absolute block, nevertheless, such appears to be the case 

To ascertain this we arranged the experiment as follows — 

Havmg divided the cord at the level of the 10th dorsal vertebra (see fig 19), we 
raised its peripheral end foi observation as described m pievious pages and connected 
it with the galvanometer by its cross section and surface The cauda equina havmg 
been exposed to an adequate degree, a pair of nerve loots was selected (usually the 
7th lumbar), divided just above the intervertebial foramen and then central end 
raised m the air by ligatures and separated The exciting electrodes were then 
applied respectively to the cential ends of the postenoi and antenor roots (see fig 19, 
Ex p and Ex a ) 

The excitation m the first case invariably evoked a large deflection of the galvanometer, 
but m the second case absolutely nothing even when the secondary coil was brought 
to 12500 of the Kronecker scale, thus completely covering the primary, i <?, the zero 
pomt of the centimetre scale In other words, the excitatory condition, arriving 
by the afferent channel or posterior root, not only passed up the few direct fibres of 
the posteio-external, and later of the posterior median column, but piobably aroused 
the afferent portion of the centre from which additional effects might ascend the cord 
by the intei nuncial fibres, thus producing a very large deflection m the galvanometer 

On the other hand, the excitatory condition which arrives at the nerve centre by 
passing up the anterior root or efferent channel is totally unable to reach the afferent 
side of the centre, and so ascend the cord 

The importance of the negative result of this experiment caused us to vary it 
as follows — 

In two Cats we divided the posterior roots of the 4th, 5th, 6th, and 7th lumbar 
nerves and the 1st sacral on the left side We then divided the cord in the lower 
dorsal region (10th dorsal), and connected the upper end of the lower fragment with 
the galvanometer On exciting the left (mixed) sciatic nerve, which was m connec¬ 
tion with the cord by the anterior roots only, no electrical change could be evoked in 
the observed region of cord however intense the stimulus used, whereas, excitation 
of only one opposite posterior root gave deflections of 350°, 320°, and with a stimulus 
of only 500, 130° This method avoided any chance escape of stimulating current, 
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which, when this is very intense, might possibly occur m the case of the short 

antenoi root _ ^ „ . 

These experiments not only illustrate m a very striking manner the extent of the 

block to the passage of impulses backwards through the efferent side of a spinal 

Fi^ 19 



nerve centre, they also afford information upon the nature of the anatomical con¬ 
nections of the anterior root fibres with the cord The histological enumerations of 
BntG-E, the developmental researches of His, and the extent of descending degenera¬ 
te ~in afferent tracts, have combined to indicate that all the fibres of the anterior 
imconnection with nerve cells lying in the immediate neighbourhood of their 
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attachment to the cord, and that there are no fibres which pass directly from the 
columns of the cord (above) outwards into the anterior roots without interruption m a 
nerve centre If any uninterrupted fibres exist, then the excitation of the central 
end of an anterior root ought to give an effect m the galvanometer as arranged m 
this experiment, for it is well known that the excitatory state (i e , negative variation) 
travels indifferently in either direction along continuous tracts The absence of such 
effect is a very convincing proof that such through fibres do not exist Moreover, an 
additional point receives elucidation from this same experiment We have already 
drawn attention to the fact that the anatomical relations of the pyramidal tract 
fibres are for the most part (and wholly as far as the lower limb is concerned) not 
with the efferent side of the spinal centres but rather with either the field of con¬ 
junction or the afferent aspect. 

This anatomical juxtaposition of parts suggests to us that the pyramidal tract fibies 
for the lower limb do not immediately end m the efferent corpuscles Such a con¬ 
clusion is m harmony with the experimental results now under discussion, for it is 
unreasonable to suppose that the excitatory process would be so entirely blocked 
when proceeding m the reverse direction along a path consisting merely of two fibres 
(that of the anterior root and that of the pyramidal tract) joined by a large corpuscle 
such as one of those in the ventral (anterior) horn 

But we must not anticipate the facts which bear upon the mode of termination 
of the fibres of the pyramidal tract, and must return to the question of the block 
offered by the construction of a centre to the passage of nerve impulses 

(2) Resistance by the Afferent Side of a Nerve Centre to the Passage of Impulses 

After having discovered the fundamental position that it is impossible for an excita¬ 
tory condition to pass ** backwards ” through a nerve centre from the efferent to the 
afferent side (whence it could easily spread up the cord), it was clear to us that the 
next point to be brought into relation with that just described would be the possibility 
of a nerve centre discharging its energy backwards down an afferent path; or in 
other words, whether the excitatory condition, if started in the afferent side of a nerve 
centre, could be transmitted backwards along the posterior roots Upon this subject 
we have accumulated a number of facts and experiments from several points of view, 
and as these are m mutual agreement we can answer the question unhesitatingly in 
the affirmative. 

Many of the facts which establish the conclusion that a spinal nerve centre can and 
does discharge energy down the posterior as well as the anterior roots when it is 
stimulated into activity have more important beatings on other questions raised in the 
present paper, and consequently have been referred to m Chapters YIIL and X. We 
will, therefore, simply enumerate the facts, and refer the reader to these chapters in 
which they are described, detailing only those which have not been already treated. 
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yy"g reserve also to tlie end oi this chapter the pertinent bearing 1 of these obseivatious 
upon the important doctrine of kinaesthesis (Bastian). 

The evidence of the passage of nerve impulses, as indicated by electrical changes, 
from the aroused centres in the cord down the afferent (sensory) fibres of the posterior 
roots may be grouped as follows — 

(1 ) Electrical changes m the posterior roots and mixed nerve with all anterior roots 
cut when the spinal centres discharge under the influence of strychnia 

(2.) Electrical changes m the above structures when the spinal centres are discharged 
reflexly 

(3 ) Electrical changes m the above structures when the spinal centres aie aroused 
by electrical excitation of the columns of the cord. 

(1 ) The Electrical Changes m the Posterior Roots when the Spinal Centres are Excited 
by Strychnia 

The most remarkable illustrations of the fact that impulses emerge from a dis¬ 
charging spinal centre on its afferent as well as its efferent side, is that furnished by 
the following experiments 

In a Cat (211) the cord was divided as usual m the lower dorsal region (11th 
dorsal) and both sciatic nerves exposed and divided. The central end of each nerve 
was connected when desired with the galvanometer The cauda equina was then 
exposed, and the posterior roots of the 5th, 6th and 7th lumbar nerves, and those of 
the 1st and 2nd sacral, were divided on the right side, whilst the anterior roots of 
the same nerves were divided on the left side 

The right nerve was thus m connection with the cord by its anterior roots only, 
the left by its posterior Thirty minims of a 1 per cent, solution of acetate of 
strychnia was now injected mtraperitoneally When the tetanic strychnia spasms 
commenced, excitatory electrical effects were observed in both nerves 

The amount of the deflections varied with the intensity and direction of the spasms, 
but were always larger in the right nerve (posterior roots cut) than m the left, averaging 
180 in the right, and 80 in the left. The effect, though smaller m the posterior 
root, was absolutely definite in character, each spasm being accompanied by an effect. 

In another animal, Cat (341), we divided the cord at the 12th dorsal vertebra and 
exposed the cauda equina We then selected the 7th left lumbar posterior root, 
divided it near the ganglion and connected in accordance with our method the 
central end with the galvanometer 

Thirty minims of a 1 per cent solution of acetate of strychnia were then injected 
into the pei itoneal cavity. Each strychnia spasm caused excitatory electrical effects m 
the posterior root, which gradually increased in amount in proportion as the discharges 
became more violent and prolonged. The galvanometer deflections, which were very 
, deipnte fb. character atod similar in direction to those obtained by the passage of nerve 
amounted to 40 at first, then 70, and finally 120 
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The employment of clamps, &c, obviated any eirors due to the movement of the 
animal, the experiment may, however, be objected to on the ground that the 
stiychma discharges are abnormally intense, and must thus break thiough resistances 
which ordinary cential discharges would be unable to That the centres can dis¬ 
charge down posterior roots without being under the influence of strychnia is, how¬ 
ever, shown by the frequent occunence of similar though smaller galvanometiic 
effects in the posterior root of an unstrychnised animal, when the cord is discharging 
m consequence of pievrous electrical excitation and shallow naicosis 

(2 ) The Electrical Changes m the Posterior Roots when the Spinal Centres are 
DiscJicn ged Reflexly. 

As in the preceding experiments, so here, the evidence is that denved from the 
electrical changes observed, ( a ) when the posterior loot was directly connected with 
the galvanometei, and (b) when the (mixed) sciatic nerve was connected (after 
division of all anterior roots) with the galvanometei and the central end of one 
posterior root excited 

(a ) In this experiment the cential end of one divided postenoi root was connected 
with the galvanometer and the sciatic nerve of the same side stimulated, the result 
bemg to produce m the galvanometer a deflection of 20 scale whenever the muscles 
were thrown into a fan reflex spasm (coil 8000, 341) We shall see presently that this 
is the amount frequently obtained from the mixed nerve as the result of a reflex dis¬ 
charge It is most interesting, therefore, to see that the centre reflexly discharges 
backwards down the posterior root The bearing of this on the discussion as to 
which part of a centie is probably the source of the kinetic nerve will be seen 
further on when this question is raised 

(b ) We varied the experiment m another animal, Cat (268), by dividing all the 
anterior roots supplying the left sciatic nerve and connecting the cut central end of 
this latter with the galvanometer We then divided one posterior root, the 6th left 
lumbar, and excited its central end 

By this arrangement we obtained excitation of the spinal centres m the lumbar 
enlargement, and at the same time left only the posterior roots or afferent channels 
for any downward discharge such as would evoke electrical changes in the sciatic 
nerve 

One observation gave an effect of 10, another of 19 in the galvanometer, the reflex 
being weak m the first and fairly strong in the second. 


(3 ) Existence of Electrical Changes in the Posterior Roots when the Spinal Centres are 
aroused by Electrical Excitation of the Columns of the Cord. 

The details of these experiments, m which a posterior root was connected directly with 
the galvanometer and the cut surface of the spinal cord in the dorsal region excited, 
mdcccxoi. — b. 3 E 



490 


MESSRS F GOTCH AND V. HORSLEY 


are given in Chapter X. Reference to this Chaptei will show that the effects in the 
posterior roots may be due to ( a ) conduction of neive impulses from the excited area 
down directly continuous fibres, ( b ) conduction of nerve impulses down fibies which 
come into relation with cells, and only indirectly with the fibres m the roots. To 
these two must now be added (e) the discharge of impulses from the centres m the 
cord aroused by the excitation. 

It is evident that the discrimination of these different factors can only be achieved 
by careful compaiative experiments made upon the cord, when its direct connections 
with the roots having been interrupted, the centres aie placed under different 
conditions as regards excitability These experiments have not as yet been suffi¬ 
ciently satisfactory to enable us to form any decisive opinion on this point 

There is however, one very important fact already referred to at the close of the 
precedmg Chapter X , to which we must now draw attention 

It will be remembered that, on comparing the results of the experiments detailed 
in Chapters IX and X. respectively, the inference was suggested that the indirect 
channels by which the cord communicates with the posterior roots, are of such a 
charactei that they offer more resistance to the passages of impulses from the cord to 
the nerve than to the passage of similarly evoked impulses from the nerve to the 
cord There is thus evidence that, as regards these indirect channels, the same 
phenomenon of unequal conduction is present which, m its most marked form, 
exists in the case of the efferent region of the spmal centre 

It must, however, be borne m romd that these indirect channels do .not necessarily 
form the afferent side of the centres, but are only m relation with them, since it is 
quite possible that m many instances these fibres pass through cells without 
entering that field of conjunction which forms the terra incognita of the centre. 
Evidence, therefore, of the nature of the discharge from this terra incognita backwards 
down the posterior roots, as well as forwards through the anterior cornual cells, could 
only be obtained through electrical excitation of the cord, if such excitation was 
limited to the pyramidal tract. The simplest way of performing this experiment is 
that of exciting the commencement of this tract m the cortex cerebii, and of 
observing the changes in the posterior roots. We have endeavoured in two animals 
to perform this experiment, but without obtaining as yet any satisfactory evidence, 
nor is this to be wondered at, when it is borne in mind how comparatively small the 
effects are in the mixed nerve under these conditions 

Summing up the evidence obtained from all methods of experimentation, we are led 
to conclude that when a spinal nerve centre is thrown into activity, a portion of its 
energy flows as a discharge backwards down the posterior roots as well as forwards 
down the efferent fibres of the anterior roots, and upwards and outwards along 
internuncial fibres to the next centres. 

With, this somewhat enlarged view of what occurs when a spinal nerve centre 
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discharges, we will proceed to show what fresh light the galvanometnc method is able 
to throw on the character of the issuing impulses 

Section 3 —Character of Nerve Impulses Discharged by the 

Spinal Centres 

It seemed to us that an estimate of the amount of the impulses which pass along the 
nerves as the discharge of a reflex centre, might he obtained by comparing the amount 
of the electrical change m a peripheral nerve when (a) the centre is reflexly aroused, 
and (6) the nerve itself is subjected to a stimulus of similar duiation and strength 
Such an estimate can only give approximate results, but the difference levealed 
m the two cases is so striking, and the desired comparison of so much importance 
m attempting to analyse the components of a reflex, that we have devoted some 
time to securing it We have done this for both a “ simple ” reflex, i e , that obtained 
from the same side as that of stimulation, and we have also measured the effect when 
it is the result of a “ crossed ” reflex. 

(1 ) The Excitatory Electromotive Change Produced m a Mixed Nerve token a 

Spinal Centre is Excited Reflexly. 

{a.) Simple Reflex —To obtain the electrical effect produced by a simple reflex 
discharge into the peripheral nerves, we divided the spinal cord m the dorsal region, 
then prepared and divided the sciatic nerve and connected its central end with the 
galvanometer The cauda equina was exposed to a limited extent, and a posterior 
root of the same side selected for excitation, this was divided near the ganglion and 
its central end stimulated. (See fig. 20.) 

The excitation was performed for a known time, as in all our experiments, and the 
galvanometnc effect obtained m the nerve noted. We then applied the same, or a 
weaker stimulus of the same duration to the observed nerve The results obtained 
form a remarkable contrast. The strength of the stimulus is so greatly altered 
in its effect by the condition of the animal, rest, depth of narcosis, &c, that what 
is minimal in one case, is quite adequate, or maximal in another. 

The readings of the deflections indicating the reflex electrical effects m the nerve 
were *— 


Highest readmgs 

72 

60 55 (three highest taken) 

Average , 

26 


Lowest readings 

7 

3 nil (three lowest taken). 


Out of the whole number of observations, 9 per cent gave no result. Finally, the 
stimulus employed on the average amounted to 2500 of the mductorium scale. 

Taking the average result, namely, 26 of the galvanometer scale, it is at once 

3 R 2 
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obvious what an extiaoidmanly small leading this is when, compaied to that which is 
obseived m a peripheral nerve, or even the peripheral portion of a divided posterior 
root, which, with a stimulus of one-fifth the intensity (500), and similar duration, 
averages 227 scale, and once reached a maximum of 445 scale 


Fig 20 



This definite result is very significant, but before enlarging upon it we w ill describe 
the values obtained for the “ crossed ” reflex 

(K) Grossed Reflex —To obtain the value of a crossed reflex discharge in the 
peripheral nerves, we divided, as before, the cord m the doisal region, and then 
prepared one sciatic nerve for connection with the galvanometer, and next, either 
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tiie opposite sciatic neive, 01 conesponding postenor root of the opposite side, for 
excitation. We made this expenment m nine Oats, two Monkeys, and one Rabbit. 


Fig 21 



The effect m the observed sciatic nerve was, consequently, that due to the discharge 
of the nerve centres on the side opposite to that of stimulation, or on both sides 
of the cord 

Owing to the higher excitability of the posterior roots, as compared with that of 
the mixed sciatic nerve, it is not surprising that we found considerable difference 
m the amount of effect obtained by crossed reflex action, accordmg as it was 
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elicited by the one or the other of these two ways. We, therefore, separate the effects 
into two divisions indicating this difference 

Posterior Root —The general results m this series of experiments were as follows.— 

Effects m nerve by excitation of opposite root. 

Highest readings 45 42 42 (three highest taken) 

Average 25 

Lowest read mg s 8 6 nil (three lowest taken) 

These figures aie, on the whole, lower than those of the simple reflex Other 
considerations emphasise this contrast These are (1) the proportionate number of 
cases in which no effect occurred, this being, with the simple reflex, 9 per cent, 
of the total number of observations, but with the crossed reflex three times as much, 
viz, 27 per cent , (2) the average intensity of the stimulus required to evoke the 
effect, this being for a simple reflex, an intensity indicated by the secondary coil at 
2500, for the crossed reflex the higher intensity indicated by the coil at 3500 Thus, 
as compared with the simple reflex, the crossed reflex is feebler, less often obtained, 
and when obtainable requiring a more pronounced stimulus applied to the afferent 
fibres m a posterior root 

Sciatic Nerve —In addition to the above we have observed crossed reflex effects 
which are not comparable with the simple uncrossed effects, since they were evoked 
by excitation, not of a root, but of the opposite sciatic nerve. 

These effects are smaller and more difficult to elicit than those just indicated 

The effects were evoked and observed m precisely the same manner as m the 
previous cases, and the amounts of the deflections in the central end of the sciatic 
neive were as follows •— 

Highest readings . . . . 20 15 14 (three highest taken) 

Average .10 

Lowest readings . . . . 6 5 

The intensity of stimulus required to evoke these effects was very much higher 
than in eithei of the previous instances, the average being represented by a position 
of the secondary coil of 8300, whilst it often happened that a position of 12,000 was 
necessary. It may be remarked that the use of the Helmholtz side-wire m the mduc- 
tonum minimised any error due to electrotonic escape, such as produces the well-known 
phenomenon of the so-called “ paradoxical contraction.” 

We are now in a position to consider the significance of these results 

The remarkable difference m quantity between the electrical effect m the nerve 
obtained by exciting the fibres themselves and that which is the result of a reflex 
discharge ftom the cord implies that, however intense the excitation of the afferent 
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side of a centre, the amount of the how and the intensity of the processes which 
emerge from the efferent side is small. A comparatively intense excitation is necessary 
for the etherised centre to discharge at all, and the emerging impulses are so altered 
m tlieir time relations and intensity, or limited to so few channels, that but little 
evidence of their presence is indicated by the galvanometric method 

To facilitate further explanations we would call attention to the following diagram, 
fig 22, m which are represented the hypothetical elements of a nerve centre 


Fig 22 

Sectional Surface 
of Cord * 



In fig 22 are shown as simply as possible the three constituent parts of a simple 
nerve centre, namely, the afferent side, field of conjunction, and efferent side. In 
addition, the diagram represents the known part of the afferent channel which forms 
the direct ascending fibres m the spinal cord (Di), the internuncial fibres (I), which 
also ascend, but which are not yet absolutely known, and the fibres of the pyramidal 
tract (P) 

If a posterior root be excited at the point marked Ex m fig 22, we can obtain a 
record of the electrical change evoked by such excitation, in the following parts, 
namely, the portion of the cord (A) above the excitation, in the outgoing channel (B) 
( em ), and in the channel of excitation (0), On taking the average of all such records 
we find that they are as follows — 

Average at A 198. 

„ B . . 26. 

0 . . . 250. 
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Although the cross sectional area of the root is much smaller than that of the cold, 
yet the effect m the fibies of the root (C) is greatei than that m the fibres of the cord 
(A), suggesting that there is less nerve energy after propagation through the afferent 
side of the centre It seemed at first sight not improbable that the effect at A pro¬ 
duced by the passage of nerve impulses up the direct channels which join A with C, 
plus additional nerve impulses evoked by a discharge of central activities, would be 
very large It would seem, however, if the electrical indications are to be relied upon, 
and we see no reason to discredit them, that the impulses which enter the central 
structures from Ex suffer a diminution which more than counterbalances any such 
addition We aie, howevei, well aware that the reduction may be due to a spiead 
of nerve impulses m their passage through the afferent side of a centre, and since a 
similar reduction occuis both m the case of impulses descending the pyramidal tracts, 
and emerging in the roots, as well as in those which as described are reflex m character, 
we incline to the opinion that ascending nerve impulses do suffer a diminution in 
intensity m their passage through the afferent side of a centre 

With reference to the impulses descendmg the pyramidal tracts, whether originating 
m the cortex cerebri or the fibres of the corona radiata, the facts given in Chapters Y 
and YI suggest that a very considerable reduction occurs before they emerge m the 
anterior roots 

In this connection we would here draw attention to some experiments which w T e 
have made to record the muscular contraction evoked by excitation of the spinal 
centres, and particularly to measure the time between excitation and the commence¬ 
ment of the muscular contraction The period of delay or latency thus estimated 
was ascertained by the use of Tigerstedt's signal method, as described m Chapter TIT , 
Section 3, and in Chapter YIII., Section 1 In the latter place we have mdicated 
at length the method we employed for the measurement of the rate of transmission 
of the excitatory effect m the cord fibres, which we found to be about 39 5 metres 
per second We have now to point out the reasons which led us to measure the 
loss of time in a Mammalian spinal nerve centre It appeared to us that this 
loss of time which the excitatory condition suffers m going through a spinal nerve 
centre would not be the same if the path of its entry into the centre is different. 
There are two modes of entry with which we are familiar. These are (1) the 
termination of the pyramidal fibres m the nerve centre, (2) the termination of the 
afferent channels in the posterior root in the nerve centre 

Now, as stated on p. 481, the latter has frequently been estimated, but Exner has 
attempted the measurement of the former, and not with a very definite result. 
These periods of time have not to our knowledge been measured m the Cat, and, as 
we felt the importance of forming some idea of their value, we performed a few 
experiments as follows 

The problem in each case is shown in fig 23, The nerve centre is at EA, E being 
its, ( efferent, A its afferent side, and f the field of conjunction. 
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Eig 23 



The ordinary reflex is produced by the stimulating electrodes being applied to an 
afferent nerve, the posterior root at B, and the effect recorded by contraction of the 
muscle M, If the distances BA and EM are known, and the latency delay in the 
muscle, then it follows that by subtracting these from the total time expended m the 
execution of the phenomenon we obtain a residue which is the actual delay of trans¬ 
mission of the excitatory effect within the centre EA itself 
This we have done as follows — 

Simple Reflex Delay, two Experiments (Cat) 

Second 

1 Total expenditure of time between excitation at B and 

contraction at M . . 022 

2 Time expended in transmission from B to A and E to M at 

33 metres per second... . . , . *006 

3 Time expended in latency of muscle at M . 01 

The sum of 2 and 3 gives all the time expended in extrinsic duties; the subtraction, 
therefore, of these from 1, gives the delay or loss of time m the centre itself, this 
amounts to 006 (in one case *004) 

We now turn to what is more interesting, viz., the loss of time when the impulse 

MDCCCXCI,—b. 3 s 
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coming to the centre approaches it by way of the pyramidal tract which runs m the 
lateral column, and is marked as a thick interrupted line m the diagram and by the 
letters py 

To obtain the time loss we have as before to take the total time expended from the 
moment of excitation ab L to that of the contraction of the muscle JVf, and then to 
subtract fiom it the time occupied in simple transmission along the line L/*M, and, 
finally, to subtract the latency time of the muscle These times jaie as follows — 

Delay m the Spinal Centre during Excitation of the Lateral Column 

Avoxage of foux 
expei xment& (Cat&) 

Second 

1 Total expenditure of time from L to M . 0176 

2 Time expended in transmission from L to f t and 

E to M 006 

3 Time expended m latency of muscle . 01 

On subtract ing 2 + 3 from 1, we get as a final result 0016 This resultant loss of 
time is thus several thousandths of a second shorter than the delay taken by trans¬ 
mission of the reflex effect This is naturally to he expected as a consequence of the 
lesser amount of centre to be traversed, but possibly the smaller result is also due 
to the channel of the pyramidal path in the nerve centre being “ polarised ” for 
descending and efferent impulses 

It appears, therefore, that when the impulses have to pass through the whole 
central structure (as in reflex) they suffer both a delay m time and a very marked 
reduction in quantity, and that when they pass through a portion which exclndes the 
afferent commencement of the centre (cortical discharges), although the reduction is 
very considerable, the delay is much less 

There is one point to which it is necessary to draw attention before leaving this 
part of the subject, namely, the well-known susceptibility of central mechanisms to 
changes from fatigue, these altering the amount of nerve energy discharged. It will 
he sufficient here to indicate by two examples the influence which previous activity has 
upon the amount of nerve energy reflexly discharged from a spinal centre, the latter 
being indicated by the electrical effect in the issuing nerves 
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Effect of an Interval of Kest on the Simple Keflex Discharge 


1 

j ( Galvano metric deflections! 

| Befoie lest 

1 

After rest of 

15 minutes 

1 

Excitation of the central end of the left 7th lumbar postei lor 

root gave m the left sciatic nerve , 16 

Excitation of 1st sacral as above . 20 

1 

42 

39 


Effect of Want of Best on the Simple Keflex Discharge 


Cat (263) Excitations following at two minutes’ interval of right j 
7th. lumbar postenor root gave m the right sciatu <( 
nei ve l 


18 Coil 2000 
15 „ 4000 

After 15 mm lest 
12 „ 2000 
17 4000 


Cat (878) Excitations following each other at 1 minute’s intei val 


26 



Coil 2000 
„ 4000 
„ 8000 
„ 8000 


Character of the Electromotive Change which is Produced by the Discharge of a 
Nerve Centre as Contrasted with that Artificially Induced in a Nerve Channel, i e , 
Fibres. 

The galvanometric method appears to us to suggest differences between the passage 
of the nerve excitatory condition (so called <f nerve impulses ") along fibres according 
to whether it is a centre which is the souice, or an artificial stimulus in the actual 
course* of the fibres Thus, if a peripheral nerve be excited directly by any form of 
excitation, i e , electrical or mechanical, the effect in the nerve (i e., the excitatoiy 
condition) shows itself m the galvanometer as a movement which begins sharply and 
proceeds moderately rapidly, but steadily, so long as the excitation lasts, stopping 
when the stimulus is left off; upon which return of the needle to zero begins. 

It is quite otherwise when the effect m the nerve is due to the passage of the 
excitatory condition (the “discharge”) from a nerve centre When this latter is 
excited and the electrical change m the efferent path observed, it shows itself as a 
slowly developed deflection which gams speed as it moves, does not stop immediately 
when the stimulation is left off, and only slowly returns towards zero, which it 
frequently does not completely reach. This peculiar character of the deflection move¬ 
ment is special and easily recognised. If the activity of the centre be impaired, 
e g,, by cooling, drying, &c., the movement is still more sluggish, and is perhaps of 
more interest ,* it is late in development, i.e., does not commence for one or two seconds 
after the excitation has begun. 
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A si mil ar increase of the normal latency in. the discharge of the cord, we have also 
observed by the graphic method, and delay of the kind is frequently noticed m the 
cortex cerebri (Francois Franck) when its activity is depressed by any of the 
agencies referred to on p 483 

Section 4 —The Influence Exerted by its Central Attachments upon the 
Electrical Changes evoked in a directly Excited Nerve 

We found, m the couise of our experiments upon the nerve roots, that the amount 
of the electrical change in the nerve evoked by direct excitation of its fibres m any 
root, varied with the condition of the nerve centres, and was always less when the root 

was cut away from its central attachments 

We, therefore, designed a series of experiments to test the extent of this influence 

in the case of the anterior and posterior roots respectively 

This series of experiments consisted in the exposure of the cauda equina, after 
division of the spinal cord in the dorsal region, connecting the central end of the cut 
sciatic nerve with the galvanometer, and then raising the posterior roots seriatim , and 
exciting each with the platinum electrodes under all the precautions stated m 
Chapter III, Section 4 After measurement of the effect observed m the nerve 
to follow excitation of any posterior root m continuity with the spinal cord, the 
root was divided about its middle and the peripheral end gently ligatured, raised m the 
air and excited The resulting electrical change or effect m the nerve was noted 
and compared with that obtained from the root when first excited m contmuity with 
the cord. 

In every case a diminution was observed m the effect as a direct consequence 
of severing the peripheral portion from the central apparatus We feel justified 
in attributing this change to the cause assigned since the immediate local effect' of the 
section on the peripheral fibres would be to raise rather than depress their excitability. 
The result, if marked, although conceivably due to the depressing effects of injury, 
is possibly associated with a loss of a beneficial (nutritive X) influence derivable from 
the spinal centres The deflections observed were as follows — 


Averages 


.1—^-^-,- , .. .... 

^ * 

Pastel lor toot excited 

.A.. \ (. - , 

Effect m nerve 

■j 1 

T-.. " J . 

Root excited m 
continuity 
■with cord 

Root cut and 
peripheral 
end excited 

6th, lumbar ... 

267 

227 

: 7tk lumbar , t , . . . 

259 

172 

i; 1st sacral . 

5 f '' " It . ..—-—-*- — - 

212 

75 
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Averaging all the observations together, we find that the excitatory effect observed 
m the nerve, when the uncut root was excited, amounted to 237 scale, whereas that 
evoked by stimulating the peripheral end was 152 scale The reduction amounts 
roughly to about 30 per cent of the original value, and is especially marked only m the 


Fig 24 
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case of the posterior roots. This fact led us, at first, to believe that when a posterior 
root was excited in its continuity, the spinal centre being of necessity aroused, there 
must be a flow of energy from the latter down the root, and that this would provide 
the greater effect noted This view, however, was materially shaken by the small 
amount of the reflex discharge obtainable from a nerve centre. We, therefore, regard 






502 


MESSRS F GOTCH AND V HORSLEY 


the phenomenon from the more general point of view expressed above until further 
research shall make the question elearei. 

Meanwhile m this place we wish to add a few remarks on a curious result which we 
occasionally obtained (and the meamng of which is very doubtful) by varying the 
above-mentioned experimental proceduie 

As before, we connected the sciatic nerve with the galvanometer, and exposed the 
cauda equina after section of the cord m the dorsal region. Each posterior root was 
now excited m continuity with the cord, seriatim. The anterior roots were then cut, 
and the excitation repeated. 

In this pLepaiation, therefore, we had the arrangement indicated m the diagram. 
(Fig 24) The first experiment of the kind was simple and uncomplicated, and may 
therefore serve as an example. 

Cat (177). Sciatic Nerve and Boots of the Bight Side prepared after Section of 

the Cord m the Dorsal Begion. 


Time 

Excitation 

Duiation of 
same 

Posterior root excited 
m continuity 

Deflection, 
galv. scale 

Reflex action as 
observed m muscles 

L2 26 

4000 

5 seconds 

7th lumbar 

70 

Good reflox action 

12 31 

33 

n 

1st sacral 

46 

33 33 33 

12 39 

33 

33 

6th lumbar 

62 


1245 

Antenor roots of the above numbers divided 



12 50 

4000 

5 seconds 

7th lumbar 

880 

Very vigoious reflex, 






much more than before 

12 53 

33 

33 

1st sacral . . 

240 

3 ) 3 ? 33 

12 55 

33 

3 ? 

6th lumbar 

280 

33 33 33 


It will thus be seen that section of the anterior roots seemed to enormously 
increase the effect in the nerve. We were quite at a loss to understand this result 
and therefore repeated the experiments. We then found that this striking difference 
was not always obtainable. In one experiment, for example, in which the section of 
each anterior root alternated with excitations of the corresponding posterior root, the 
nse of effect was only noted With one root—viz., the 7th lumbar—in which the effect 
mounted from 130 to 160^47* M0 X whereas the other roots showed no rise. In this 

^ JL, 'p- p ^ ^ ■* i 

experiment we noted that there v^s hoolrng ef the preparation, especially of the lower 
roots. In a succeeding experiment (Cat, 182) we found that warming the coid had a 
tety noteworthy effect on the result, whereas warming the root had not* We then 
a fourth experiment (Cat,, 268), m which the arrangement of the first was more 
%£y ; adhered to 
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Cat (268) Influence of Section of Anterior Boots on the Excitatory Effect m the 
Herve, when one Postenor Boot is excited m continuity 


Time 

Excitation 

"Duration 

Root excited 

Deflection 

12 3 

1000 

3 5 seconds 

7th lumbar posterior, m 

230 Aveiage of two 




continuity 

observations 

12 6 

2000 

33 

3> 25 

275 

12 10 

Section of the antenoi roots of the 5th, 6th, and 1 

7 th lumbar, and 1st and 


2nd sacral 




12 20 

1000 

3) 

3) 53 

245 Average of two 





observations 

12 25 

2000 

J 3 

3 5 3 3 

320 

i 



Section of the 6th lumbar and 1st sacral postenor roots 

12 38 

2000 

33 

3 3 33 

292 

12 46 

2000 

33 

33 33 

310 


On summing up these experiments it is evident that the division of the anterior 
roots does raise the value of the effect in the sciatic nerve evoked by excitation of a 
posterior root m continuity. In the last three experiments that rise is not so greatly 
marked as to he more than the supplementary discharge of the spinal centres might 
account for, but this, of course, does not explain the high readings in the first case 

Section 5.—The Spread of Beflex Discharges up and down the Cord 

(Internuncial Fibres). 

We have frequently spoken of the existence of internuncial fibres connecting the 
various centres It must, however, be confessed that the evidence of their existence is 
founded almost entirely upon our knowledge of tbe laws of reflex spread as stated by 
Pfluger (See Section 1, p 484 ) 

We endeavoured to ascertain what light the present galvanometric method would 
throw upon this spread, and thus upon the localisation and characteristics of these 
paths To elucidate this we made a series of experiments in which the cord was 
excited and the electrical changes noted at the same time that the muscular 
movements were either recorded or carefully observed 

(I.) Ascending Discharges [Reflex). 

In the case of reflex discharges it is possible, after division of the cord, to observe 
■the electrical changes in the upper end of the lower fragment of cord, and at the same 
time to note the contractions of a muscle of the lower (hind) limb 
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Since it was desirable to ascertain the relationship between the periodicity of the 
electrical changes in the cord and that of the muscular twitches, the capillary electro¬ 
meter was used. 

The spinal cord of the Cat bemg divided m the mid-dorsal region, the upper end 
of the dorso-lumbar portion was prepared for connection with the electrometer, whilst 
the lower tendon of the rectus femons muscle was cut and attached to one of Tick’s 
spring recording levers (isometric method) The cord was then exposed over the 
dorso-lumbar junction and the lateral column excited with stimuli of varying degrees 
of intensity It is obvious that electrical changes thus produced in the cord are due 
(a) to the excitation of contmuous fibres joining the excited portion of the lateral 
column with the observed region, (b) to the excitation of indirect fibres in the 
lateral column, mternuncial or otherwise, (c) to the discharge of nerve impulses 
up the cord from the aroused centies. 

The mam interest of the experiment lies m the fact that with a weak stimulus no 
muscular effects were observed, although distinct electrical effects were produced, 
whilst with a strong stimulus the centres m the cord were so moused that they 
continued to discharge after the stimulus had ceased, these discharges being evidenced 
both by muscular contractions and by effects m the electrometer. 

The following Table indicates this result — 


Experiment. Cat (104).— Afferent Effect m Cord compared with Contraction of 
the Muscle, simultaneously evoked by Intermediate Excitation of the Cord 


Time 

Excitation 

Duration 
of same 

Effect m cord, electro- 
metei 

Effect m muscle, spring 
myograph 

4 50 

1500 

5 secs 

Persistent 2 diys 

Nil 

454 

3000- 

35 

,, 6 divs 

Twitch 

455 

4000 

35 

„ 7 diys 

1 Initial effect and continued 
l tetanus 

457 

1 _ __ 

5000 

is 

„ 11 diys , fol¬ 

lowed by intermittent 
after-effects 

Initial characteiistic (cord) 
contraction followed by 
well-marked after-effect 


It is thus seen that when a" lumbar spinal centre is aroused to discharge, a flow of 
nerve energy takes place up the cord as well as out by the efferent roots, and, m 
all probability, impulses thus pass mpwards to various groups of centres both m the 
upper regions of the cord and in the encephalon. 

As to the spinal channels by which these impulses travel,—whether mternuncial, 
direct efferent fibres (pyramidal tract) or direct afferent fibres (posterior column)—the 
^eaSmenf gives no information, and we have not had an opportunity of repeating it 
kin .which, by previous operations, the two latter have been more pr less 
Seme evidence is afforded hv the following experiment, in which the left 
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posterior column having been divided at the 9th doisal veitebra, the left 1st lumbar 
posterior root was excited, and the electrical changes m the cord noted galvano- 
metrically at the same time that the muscular movements were observed 

It will be seen that the electrical change in the dorsal region of the coid was 
mdicated by an effect of 55 m the galvanometer, when the lateral column on the side 
of the excitation was uninjured, whereas hemisection between the root and the 
observed region cut down the galvanometric effect to only 7 Before the interruption 
by the hemisection, a reflex contraction was observed during the excitation in all the 
muscles supplied by the various nerve segments between the excited root and the 
observed area of cord, whilst, after the section, such reflex contraction was limited to 
the piece of cord below the hemisection The particulars of this second experiment, 
which appear to suggest that the internuncial fibres are localised m the lateral 
column, are as follows — 

Cat 376 Cord divided, and peripheral end connected to the galvanometei at the 
intervertebral disc between the 8th and 9th dorsal vertebrae, section of the left 
posterior column opposite 13th dorsal vertebra 


Time 

Excitation 

Duration of 
excitation 

Part excited 

Effect m 
galvanometei 

Effect m neighbouring 
muscles 

63 

8000 

(Strong 

stimulus) 

5 secs 

I 

Left 1st lumbar 
posterior root 

55 

Powerful reflex m 
trunk muscles 


Left hemisection of the cord was then performed at disc between 13th dorsal and 
1st lumbar vertebrae. 


Time 

Excitation 

Duration of 
excitation 

Part e-xcited 

Effect m 
galvanometer 

Effect m neighbouring 
muscles 

612 

8000 

5 secs 

Left 1st lumbai 
posterior root 

7 

i 

Reflex limited to 
muscles below the 
point of hemisec¬ 
tion 


(2) Descending Discharges 

"While Pfltjger’s law concerning the upward internuncial discharge of spinal nerve 
centres undoubtedly prevails, nevertheless the anatomical investigations of Lockhart 
Clarke, the physiological observations of Brown-S^QUARD, and the anatomical 
researches of Golgi, recently confirmed by Bamon y Cajal, show that there must 
MDCCCXCI.—B 3 T 
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be descending channels from, at least the afferent sides of the spinal nerve centres, 
even if there are not direct descending channels In fact. Golgi’s work goes to show 
that there are such direct paths, and this is extended by Kollikeb We commenced 
the investigation of this point by the galvanometric method with an attempt to 


Fig 25. 



ascertain whether any electrical change can be detected in the cord below the entry 
ef ilie stimulated afferent nerve, and have obtained positive results. Our plan was 
tc^ divide the cord in two places^ as in Chapter VIII., and to connect the lower 
of the tract included between the sections with the galvanometer. (See 
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The trunk of the last dorsal nerve was then excited 

Cat 378. Cord divided between 8th and 9th dorsal vertebrae, and at disc between 
3id and 4th lumbar vertebrae. 


Excitation of left 13th dorsal neive, effect m lower (lumbar) portion of cord 


Time of 
observation 

Intensity of 
stimulus 

Duration of 
stimulus 

Effect m 
galvanometer 

Effect m 
muscles 

1133 i 

2000 

seconda 

5 

26 

Eair reflex 

11 36 

8000 

5 

31 

Earr reflex 


In order to see whether this effect was transmitted bj the fibres m the postenoi 
or lateral column, the left posterior column was now divided opposite the centre of 
the body of the 1st lumbar vertebra. The excitation of the root now gave the 
following effect — 


Time of 
observation 

Intensity of 
stimulus 

Duration of 
stimulus 


Effect m 
galvanometer 

Effect m 
muscles 

11 58 

8000 

seconds 

5 

Left 13th dorsal 
nerve, central end 

8 

Good reflex 

12 4 

Left lateral column divided (lienee complete left hemisection) 


1215 j 

1 

8000 

j 

i 5 

Left 13th dorsal 
nerve, central end 

6 



We here see most unmistakably that the descending effect is very different in 
character and localisation from the ascending effect previously desciibed, for (1) it is 
much smaller, (2) it is mainly dependent upon the continuity of the 'posterior column, 
whereas the ascending indirect effect is dependent upon the integrity of the lateral 
column. 

These results, which were quite unexpected by US, are in very remarkable 
agreement with the anatomical researches of Golgi, &c. 

Section 6.—On the Sfeaenafeift Changes in the Cortical Nerve Centres. 

In all the preceding investigations we have studied the characteristics of a nerve 
centre by examining the electrical changes, and thus the excitatory processes present 
in the nerve fibres connected with such a centre. We chose the spinal cord since it 
contains the simplest form of a complete centre that the Mammalian nervous system 
presents 


3 t 2 
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In an early stage of our work the possibility occuned to us of investigating the 
centres m the cerebral cortex, by the use of the electrical method, this plan having 
been pieviously employed by Caton (1875) We selected the occipital lobes (see 
fig 26), and endeavoured by stimulation of the retina to obtain evidences of definite 
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electrical changes in the cortex of the moderately etherised Oat, consequent upon the 
arrival therein of nerve impulsed. The difficulties of effectual isolation and the 
Uficertamties of the area of connection, comprising as it does a mass of subjacent 
®se®^e fibres,; seemed te us to account for the indefinite and capricious character of 
’peetneai indications as displayed by the galvanometer 
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The experiments of Beck, of Fleischl yon Marxow, and of Danilewsky in 
this connection have been refeired to m Chapter II, which deals with the histoiy of 
the electrical method With reference to these we would lieie only point out that 
the experiments of Setschenow, Weriho, and ourselves, to which m his Polish paper 
Beck alludes, seem to us to indicate that the observed electrical changes may have 
their seat m nerve fibies proceeding from or to centres, rather than m any form of 
central, % e, coipuscular, nerve mechanism 

Any electrical changes in the contacts of the electrodes with the cortex might, 
therefore, he as much caused by the impulses travelling m the subjacent fibres as by 
changes m the cells or other surface termini 

The above criticism obviously does not affect the evidence which the presence of 
definite electrical changes offers as to localisation, hut seems to us to discount any 
advantage which the method might offer for the investigation of the functions of a 
nerve centre by the study of the actual changes m its cells 

Summary 

It is obviously impossible to formulate with sufficient accuracy many general 
conclusions as to the mode in which the functional activity of the spinal nerve centres 
is generated and discharged, but we cannot refrain from pointing out that the 
electrical method supphes many ways of investigating this very important and 
difficult subject, and further that it throws most unexpected light on the obscure 
questions relating to the working of the several parts of nerve centres 

Most prommently stand out two principal facts — 

(1 ) The kinetogenetic portion* of a spinal nerve centre is probably the affeient 
side (See Section 2 ) 

(2 ) The part in which the delay and diminution of impulses passing through is 
effected is the efferent side of such a centre with the field of conjunction. 
(See Section 2.) 

The consideration of these facts, unexpected as they were, shows clearly that the 
interpretation by BastianI of sensori-motor nerve phenomena is probably the most 
correct yet advanced. The basis of that mterpretation, namely, the doctrine of 
kinsesthesis as formulated by him, is m complete harmony with our experimental 
results. 

Bastian has for many years contended that the ordinary division of nerve centres 
or parts of the same into sensory and motor respectively is misleading, and that not 
only has the statement that the source of a nerve centre’s discharge is the motor part 

* By the term “kinetogenetic portion” we have styled that part o£ a centre in which the potential 
energy is converted into kinetic 

f “ The Biam as an Organ of Mind ” “ Paralysis, Cerebral, Bulbar, and Spinal ” 
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of it no basis of actual fact, but that it is more philosophical to associate such source 
with the sensory part. 

Among the considerations which favour this view are the following —The 
undoubted physiological resemblance which exists between the succession of events m 
a voluntary or reflex movement, respectively, and the analysis of such psychological 
events as are known to be concomitants of the former The psychological phenomena 
of reflex action show that the afferent impulse m all cases precedes the efferent dis¬ 
charge , psychological analysis also shows that muscular sense impressions similarly 
precede those discharges which evoke “ voluntary ” coordinated movements. Hence 
he concluded that since the sensory excitation always precedes the efferent output, the 
former must have primary importance, m other words, that the development of kinetic 
energy must take place m the afferent side of the centre To express this view 
briefly he coined the term kinaesthesis 

As the electrical method affords the first opportunity of an experimental contribu¬ 
tion to this subject, it is interesting to find how strongly its application bears out 
Bastian’s position In this chapter it appears probable that the kmetogenetic 
portion of the centre is the afferent side of it, and the more especially when it is 
seen how readily the centre discharges into the afferent nerve channels (i.e., actually 
“ backwards,” as compared to the course of ordinary afferent impression) 

The method has further enabled us to ascertain what connections and facilities for 
conduction the efferent, or so-called motor side of a nerve centre possesses, and 
instead of finding, as might have been expected from the ordinarily expressed beliefs on 
this subject, that we had to deal with a source of energy that was readily aroused, 
and freely connected with its neighbours, we found, to our surprise, that it afforded 
nothing of the sort, and that its power of conductmg impulses centripetally was 
apparently nil 

Curiously enough, this last point was foreseen also by James, who, in his celebrated 
work on the ‘Feeling of Effort,’ 1880, while endorsing the views of Bastian, says 
that the “ electrodes of the physiologist,” if applied to the central end of the anterior 
root, would not arouse any “sentient,” i.e., afferent impulse in the cord. We are 
happy find that our experimental results, unusual though they were, are, never¬ 
theless, in dose agreement with the deductions of the logical method of these 
distinguished writers. 
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CHAPTER XII—ON THE ELECTRICAL CHANGES EVOKED IN THE SPINAL CORD 
AND NERVES BY THE ACTION OP ABSINTHE AND STRYCHNIA 

Section 1.—Experiments (control) including the Use op Absinthe 

Very early in the present nivestigation on the effects produced by electrical excita¬ 
tion of central apparatuses, the advisability of obtaining a control of our results 
presented itself The use of strychnia by du Bois-Reymond as a control demon¬ 
stration of the excitatory electrical state m nerves, formed, as it always must, the 
basis of such a method 

We, however, first selected absinthe as particularly exciting nerve centres, and, 
according to one of us* * * § (V H ), specially the cortex Absinthe has been known since 
the experiments on animals by MarceI to cause, m small doses, effects only explicable 
as poisoning of the highest cerebral centres, thus producing mental changes, delirium, 
hebetude, &c, while m larger doses it evokes clonic epileptiform convulsions with 
stertorous respiration, &c 

MagnanJ has, of all writers, contributed the most to our knowledge of the action 
of this substance 

By injecting small quantities of the essence of absinthe either into the stomach or 
into a vem, he produced a very striking series of phenomena, which he showed were 
identical with idiopathic epilepsy. 

Following up its action more closely he endeavoured to ascertain the share taken in 
the production of the fits by the bram and spina! cord respectively. This he investi¬ 
gated by first dividing the cord at the atlanto-occipital articulation, and then injecting 
absmthe, artificial respiration being kept up 

Unfortunately, he only describes one experiment (No 6) in which the cord was 
completely divided. He concludes, however, from his other experiments that the 
drug excites simultaneously the lower (spinal) and the upper (cerebral) centres. It 
has, however, been shown by one of us§ that complete section of the cord at the 
8th dorsal vertebra prevents the appearance of the characteristic convulsions m the 
muscles of the parts below the level of the section; and, further, that the corresponding 
parts or limbs, if the excitable cortex of one side be removed, will not take part m 
the first general epileptiform convulsions which follow the injection of the drug, 
whilst, even when m the subsequent fits such parts are affected, the muscles only pass 
into a slight degree of tonus 

Until a more extended series of researches should negative these points, it is 

* c Brown. Lectures ’ 

f * Comptes Rendns de 1’Academic des Sciences,’ vol. 58, 1864, p. 628 ; also Amqry. 

J ‘ Recherches snr les Centres Nervous,’ Paris, Mahon, 1876 

§ ‘Reports of the Brown Institution ’ 



512 MESSRS E GOTCH AHD Y HORSLEY 

reasonable to accept the conclusion that absinthe excites 'p&v excellence the complex 
cortical centres. 

It will be well, perhaps, to mention that by the method of simple observation the 
following phenomena are elicited by the excitatory action of absinthe 

After injection of two drops of essence of absinthe* into the jugular vein of an 
animal, narcotised with ether to the degree of unconsciousness, there occur, after a 
sufficient interval has elapsed (30 seconds or so) to permit of the translation of the 
poison through the heart and lungs to the arterial system, and so to the brain, the 
following events — 

The small facial muscles begin to twitch m single clonic spasms, next passing into 
a state of tiemulous tonic spasm This order of convulsion passes rapidly down the 
body, until the tonic spasm m the limbs is extremely marked After this has 
obtained for a period varying with the dose injected, the tome spasm gives way to a 
long series of clonic twitches. Accompanying these motor “discharges,” there is 
profuse salivation, and sometimes escape of urme, while m cases m which narcosis 
bas not been preliminarily employed, unconsciousness and coma are early symptoms 

It is thus obvious that absinthe affords a very simple and efficient means of 
chemical excitation for the purpose of testing the validity of the results of electrical 
stimulation of the motor cortex. 

We have employed it under the following experimental conditions *— 

(1.) Connectmg the nerve to the galvanometer or electrometer. 

(2 ) Connectmg the spmal cord to the galvanometer or electrometer, at the same 
time observing the contractions of the muscles m different parts. 

The method employed was, so far as the electrical connections of the observed parts 
were concerned, precisely that described in the preceding pages Special precautions 
had to be taken against any agitation of the preparation. The narcosis with ether 
being temporarily maintained, the external jugular vem of either side was exposed, 
penetrated by the needle of a hypodermic syringe, and two minims of the essence of 
absinthe hyected, the narcosis of this drug taking the place of the etherisation, 
which was forthwith terminated. It was invariably observed that the galvanometer 
showed evidences of excitatory electrical changes m either nerve or cord, before the 
musQular contractions in the immediate neighbourhood of the observed level became 
accentuated 

In respect of what has been said above, we may here add that we never saw con¬ 
tractions of muscles innervated from points below the level of section m the spinal 
cord when that was divided. 


* Obtainable of Messrs Hopkin and Williams 
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(1 ) Excitation of the Intact Central Nervous System by Absinthe —Electrical Effects 

m the Sciatic Nerve 

The lesults obtained by this arrangement were as follows *— 

(a ) Observations with the Galvanometer —The experiments were made on foui Cats, 
one to fifteen drops of absinthe being injected The preliminary effects noted m the 
galvanometer while as yet the spasms were limited to the upper anteiior muscles of 
the body amounted to small deflections, of which the following are examples 4, 5, 5, 
8, 10, 10, 13, 15 

When, however, the toxic effect of the drug became more marked, and the 
discharges summated produced a fully developed fit, as above described, then the 
deflection of the galvanometer was notably increased, and ran up to maxima of 
135, 150, 150, 185, 210, 272, 275, these averaging nearly 200 In smaller attacks, 
but still generalised, the deflection varied from 45 to 85 With regard to the 
magnitude of these deflections, it is to he noted that their large amounts are 
doubtless due to the completely bilateral and prolonged character of the cortical 
discharges and the continued effect on the galvanometer. 

(b.) Observations with the Electrometer —When during any one of the above 
observations the electrodes m contact with the central end of the nerve were switched 
over so as to bring it into connection with the electrometer, the effect was visible, but 
varied notably m amount from a small movement of the mercurial meniscus to 1 
division. 

It was thus abundantly clear that the employment of absinthe gave maximal 
electromotive effects m the sciatic nerve through the overwhelming discharge of the 
highest cortical centres, and the figures obtamed from the galvanometric deflections 
give a fair notion of the comparative magnitude of these discharges, the more 
especially as the degree to which the epileptic discharge developed could be plainly 
seen m the amount and duration of the spasm m the neighbouring muscles This 
being so, it is, of course, hardly necessary to add that the cessation of the convulsion 
was synchronous with a halt m the swing of the galvanometer needle. 


(2 ) Excitation of the Nervous System by Absinthe —Electrical Changes m the 

Spinal Cord 

As might have been anticipated, the electrical effects observed in the spinal cord 
when the central mechanisms were excited by a diffuse stimulus, such as that of 
absinthe m the circulation, were larger than that witnessed in the peripheral nerve. 

We have made four experiments in Cats, and one in the Monkey (Macacus rhesus), 
and have usually measured the effect with the electrometer. With this instrument 
the excursions of the mercury were very marked, varying from slight movement in 
the case of initial spasms to excursions of, even five divisions in severe fits. 

3 u 
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In the galvanometer, similarly, the lowest recorded deflection was 110, the highest 
being over BOO and obviously conditioned by the duration of the convulsions 

No compaiison can be drawn between the magnitude of the deflections and those 
obtained from the nerve, for the above and other reasons. In general they confirm the 
validity of the views advanced, respecting the results obtained by electrical excita¬ 
tion of the central nervous system as detailed m the foregoing chapters 

An experiment in this connection may here be mentioned as of special interest 
regar ding the action of absinthe. The toxic action of this drug is unquestionably 
excitatoiy as far as the highest nerve centres are concerned. Francois Franck # 
found that it produced inexcitability of the cortex One of us has previously 
suggested that this is a question of dosage, in common with other narcotic agencies 
In the present series, while observing m one case the deflection produced by absinthe, we 
superadded electrical excitation of the previously exposed cortex. The result (Cat 99) 
was to notably increase the effect. Thus, while the chemical stimulus was actually 
evoking a powerful discharge, the additional electrical excitation caused the centres 
to produce still more kinetic energy In this stage, therefore, the absinthe had not 
exhausted the cortex. The additional effect was visible, both m the electrometer and 
galvanometer, when either was switched on to the cord 

Section 2.—Experiments (control) including the use op Strychnia. 

The method of employing strychnia differed from that detailed in the case of 
absinthe in one important particular, namely, that the spinal cord was severed from 
its connection with the encephalon. The spinal cord in two Cats and one Monkey, 
and the sciatic nerves and the posterior root in two Cats, were connected with the 
galvanometer for observation of the excitatory electrical changes The solution of 
strychnia employed was a 1 per cent solution of the acetate It was injected into 
the peritoneal cavity, and the toxic symptoms observed. The tetanic spasms, 
like those obtained by absinthe, were of very varying force and duration, but gave far 
higher readings than absinthe. We will return to this point later, and meanwhile 
briefly state the results obtained 

(1) Electrical Effects in the Sciatic Nerves. —The observation of the effects m the 
Mammalian nerve during the discharges due to strychnia has furnished valuable 
control results. We have, however, used the method to obtain by its means the 
evidence referred to in the preceding chapter on the discharge of a nerve centre 
backwards down the posterior root as well as the discharge down the anterior roots. 

(2.) Electrical Effects in Posterior Root. —Similar changes to those in the nerve have 
been obtained in the case of the posterior root. These have been already referred to 
in Chapter XL, Section 3. 

i ' {$) Electrical Effects in the Spinal Cord. — When the spinal cord of an animal was 
i * Loo cit 
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severed, and the lower fragment connected m the manner practised in all the 
precedmg experiments, and strychnia injected, very large electrical changes were 
observed These were produced m the upper, as well as the lower, end of the dorso- 
lumbar portion of the cord The maximal effects were over 500 scale of galvanometer, 
and the average in one experiment of all the readings was as high as 300. 

To sum up these experiments with a chemical stimulus, from the point of view from 
which they were designed, it is clear that the excitatory electromotive changes (i e , 
diminution in the resting difference) observed to occur m the central nervous system 
when that is excited electrically or mechanically, are true indications of physiological 
phenomena accompanying functional activity, and, further, that their amounts vary 
directly m proportion with the intensity and duiation of such activity 


CHAPTER XIII —SUMMARY AND CONCLUSIONS 

The consideration of the results given in the foregoing chapters shows, we venture to 
think, that the electrical method of investigating the localisation of nerve impulses m 
the Mammalian nervous system is one which has furnished several new aspects of nerve 
function, and we believe that if further pursued it will prove one of the most valuable 
means of differentiating the structure of the nervous system, and gauging the nature 
of the functional activity of the nerve centres. 

In view of the extended scope of our present research, we feel unable to give a suffi¬ 
ciently brief summary of the results. We therefore propose to enumerate, by way of 
conclusion, some of the general principles which we think we are justified m deducing 
from our work 

The following remarks, therefore, cannot in any sense be regarded as embodying 
the whole of our investigations, and we must consequently refer our readers to the 
individual chapters, and especially to the remarks at the end of each, for information 
as to points upon which we do not here touch. 

(1) Resting Electrical Difference. 

The resting electrical difference between the cut and uninjured longitudinal 
surface respectively in the Mammalian mixed nerve, spinal nerve root, and spinal 
nerve, has been found by us to have the following value — 



Oat 

Monkey. 

Nerve 

(69 cases) 01 Darnell 

(12 cases) 005 Darnell 

Root . 

(5 cases) *025 „ 

(10 cases) *022 „ 

Cord 

(50 cases) *032 „ 


3 v 2 
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We have found, further, that the difference is subject to variations of which 
the following are the most important — 

(a) A notable fall is observed m all three tissues m consequence of systemic 
death 

(b.) The difference m the cord is increased after the functional activity of the organ 
has been aroused 

( c ) The difference m the cord is more pronounced when the tissue is in connection 
with the encephalon (See Chapter IY.) 

(2 ) j Effect m the Spinal Cord on Excitation of the Cortex Cerebri 

In extension of our discovery that excitatory electrical effects can be observed m the 
spinal cord to result from excitation of the cortex cerebri, as previously described, and by 
means of which the character of the impulses derived from the cortical centres may be 
studied, we have obtained effects m both the cord and the mixed nerve, following 
similar excitation of the cortex, and by comparing the result of these observations 
together have found that the excitatory state evoked by cortical activity undergoes 
a dimi nution of over 80 per cent, m the passage from the cord into the sciatic nerve 
We have also applied the galvanometric method to differentiate the cortical excit¬ 
able areas, by recording and comparing the discharges from the same m the spinal 
cord, and have found a striking degree of localisation demonstrated thereby m the Cat 
as well as the Monkey. (See Chapter Y ) 

(3.) Effect in the Spinal Cord on Excitation of the Corona Radiata. 

By a comparison made between the amounts of the electrical effects produced 
in the spinal cord and the mixed nerve respectively after excitation of the corona 
radiata, we found that the cord effect is four times as great as that in the nerve, and 
further, that this corona-radiata-to-cord effect is little more than half the complete 
cortex-to-cord change. (See Chapter YI) 

(4.) Bilaterality. 

Sc 

By comparing the records of the extent of the electrical effects in each half of the 
longitudinally divided cord, and m the mixed nerve of each side, we have made fresh 
observations on the important and complex question of bilaterality of representation 
in the central nervous system We have found— 

(a.) That it is possible to obtain strictly unilateral effects m both the spinal cord 
and sciatic nerve with complete excitation of both cortex cerebri and corona radiata 
(b -) That the circumstances which favour the production of bilateral effects are 
®ooh as bring into play other portions of the central nervous system, e.g., the opposite 
e^t^ble cortex, cerebellum, and basal structures; and, 
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(c ) That such bilateral effects, under these cneumstances, can be evoked moie 
readily by excitation of the coiona radiata than of the cortex 

JTence, we conclude that, as far as the cortical efferent representation of the lower 
limb m the Cat and Monkey is concerned, the normal condition is that of 
umlaterality (See Chapter VII) 

(5.) Electrical Changes evoked in the Spinal Cord by Excitation of its Columns. 

Observation of the electrical changes in the dorso-lumbar spinal cord, when 
evoked by direct excitation of its fibres after severance from the encephalon, has 
revealed by comparison of the electrical changes produced the proportionate existence 
of direct and indirect channels m the vaiious columns of the coid. 

We have thus examined the columns so far as they conduct ascending and descendmg 
impulses respectively m the Cat and Monkey This analysis we extended by employing 
the exclusion method of intervening sections, as an addition to observations on the 
intact cord. The results show that — 

(a ) In the Monkey a relatively larger number of direct fibres are contained in the 
lateral column than in the posterior column, the reverse being the case in the Cat. 

(b ) For both classes of impulses and of animals observed we have obtained (a) no 
evidence of crossing between the lateral columns, (/3) evidence of indirect connections 
between one posterior column and the lateral column of the same side, (y) evidence of 
cross connections between the posterior columns. 

(c.) There is no evidence of the existence in the anterior columns of the cord (Oat 
and Monkey) of any continuous fibres between the mid-dorsal and lumbar regions. 

{d ) The spread of impulses from path to path in the spinal cord appears, in 
addition to what is stated under (b), to be conditioned as follows.—The posterior 
column fibres spread into other columns more as they ascend than as they descend, 
whereas the fibres of the lateral column spread m a converse manner (See 
Chapter VIII) 

(6 ) The Relations of the Spinal Cord to the Lumbar Nerves. 

We have investigated the relation of the peripheral nerves and their roots to the 
paths and to the bulbo-spinal centres in the dorso-lumbar region of the spinal cord. 
The investigations consisted m observing (A) the electrical changes produced by 
exciting the mixed nerves or their roots m the spinal cord when separated from the 
encephalon, (B) the electrical changes produced by excitation of the divided cord m 
the spinal nerves, and (0) the excitatory changes produced by stimulation of the 
spinal centres 

A. The results obtained by the first method may be grouped as follows .— 

(a) By far the majority of afferent impulses ascend the cord on the same side as 
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the entering root, both by direct and indirect paths, a small minority ascend by the 
posterior column of the opposite side, and a mere fraction by the lateral column of the 
opposite side 

(b ) The direct path of afferent impulses is localised m the posterior column of the 

same side as that of the nerve or root excited. 

(c ) The indirect paths of afferent impulses are localised m the posterior columns of 
both sides, and in the lateral column of the same side as that of the excited nerve. 

(d) The proportionate development of both systems of nerve paths m the two 
sides of the cord may be inferred from the percentages of the total transmission of 
excitatory electrical changes from the afferent nerve to the cord. 

Of the electrical changes there are transmitted by •— 

Same side 

Posterior column of same side as excited nerve 
Lateral ,, ,, j> 

Posterior column of opposite side to ,, 

Lateral „ „ „ „ 

(See Chapter IX.) 


bO per cent 
20 „ 

15 

5 


80 per cent. 

Opposite side 
20 per cent. 


B The descending electrical effects, as far as the relationship of the cord and nerves 
is concerned, were investigated in the mixed nerve, the spinal cord being severed from 
the encephalon and excited. 

The results of these experiments, obtained with both minimal and maximal 
stimuli, and controlled by the exclusion method of intervening sections, were as 
follows:— 

(a.) On minimal excitation of the posterior column, impulses are directly trans¬ 
mitted into the posterior roots of the same side, and so into the mixed nerve; with 
maximal excitation some impulses are similarly transmitted through indirect paths 
(6.) On maximal excitation of the posterior column, impulses are transmitted by 
indirect paths across to the posterior roots of the opposite side, and so to the mixed 
nerve of that side. 

(c.) On excitation of the lateral column, impulses are indirectly trans mi tted to the 
mixed nerve of the same side as that of the excited column 

(d.) The proportionate percentage of the total transmission of excitatory electrical 
states from the various excited columns of the dorsal cord into the mixed nerves is as 
follows:— 


per cent. 

Excitation of posterior column of same side as observed nerve 73 
» lateral .. .. . 9J 

posterior „ opposite „ 15 

„ 3 


per cent 

\ Same side 82 






} 




18 


lateral 
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(e ) Oar evidence shows that electrical states (i e , impulses) are transmitted with 
great facility from the excited areas in the cord down the afferent channels of the 
cord, posterior roots, and nerves (see Chapter X ) 

C The researches mto the relationship between the spinal cord m the doiso- 
lumbar region and the mixed nerve and spmal nerve roots, have enabled us to formu¬ 
late some generalisations on the functional activity of the spinal nerve centres as 
follows — 

(a ) There is complete obstruction to all centripetal impulses which may reach the 
cord by the cential end of the anterior root. 

(b ) A marked quantitative diminution as well as delay m time is suffered by impulses 
which leave the spmal cord by the anterior roots, whether these have originated m 
the cortex cerebri, corona radiata, or the lateral columns of the cord 

(c ) An increased resistance to descending, as compared to ascendmg, impulses by 
certain indnect paths is offered connected with the afferent side of the spinal centres 

(d ) Whenever a spmal centre discharges, nerve impulses pass from it down the 
posterior roots as well as the anterior 

(e ) The effect produced in a mixed nerve by the reflex discharge of a spinal centre 
down the nerve fibres is notably small when compared with that evoked by their 
direct excitation (see Chapter XI.). 

It will be gathered from the extent and variety of the above conclusions that the 
employment of the method used m the above research has led us on from one investi¬ 
gation to another. We commenced our experiments with the object of ascertaining 
the character of the cortical discharge, and we employed for this purpose the capillary 
electrometer. 

We then made use of the galvanometer for the same purpose, and at once found 
that a method was opened up for investigating, not merely the general characters of 
a cortical discharge of impulses, but the comparative amounts ol such impulses when 
generated an different parts of the Mammalian nervous system This led to its em¬ 
ployment as a means of ascertaining the distribution of the channels m the spmal cord 
along which these impulses passed, and thus to the determmation of the extent to 
which afferent as well as efferent nerve impulses were localised in fibres on one or the 
other side of the cord. The necessity of stimulating for this purpose the various roots 
of the nerves brought before us in a most striking manner the remarkable difference 
between the central connections of the two kinds of roots, and thus finally opened up 
the possibility of new investigations into the anatomical relations of a centre and the 
particular physiological attributes which characterise it 

The correctness of the method is, we think, shown by the way in which the results 
set forth m the foregoing chapters were progressively obtained by its use. Many of 
them were unexpected by us, and needed ample verification. We had thus an 
opportunity, in frequent repetition of the same experiment, of probmg the extent to 
which the data our method furnished could he relied upon. From this point of 
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view we are firmly convinced that, when proper precautions are used to avoid the 
disturbing influence of capricious factors, the present plan is one which gives as sure 
indications as any other method which has been used m the carrying out of invest ]t 
gations into the central nervous system, whilst by its mode of application it has the 
merit of ensuring definite localisation m hitherto unexplored regions. The wide extent 
of the field of reseaich which the use of the method opens up is obvious We have 
only employed it for elucidating a few of the phenomena which are exhibited by the 
functions of the brain and spinal cord, but the functions of various ganglia, the 
relations of the sympathetic system, of the more cential portions of the bulbo-spinal 
system, and finally of the encephalic structures may, and undoubtedly will, be satis¬ 
factorily approached m the future by its means 
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Appendix A — Topographical Relations existing between the Superficial Oi ignis from 
the Spinal Cord of the Spinal Nerves, and the Bodies of the Veitebrae in the Cat 


Cervical Nerve 

I 

II. 

IH 

IV 

V 

VI 

VII 

VIII 

Dorsal 

I 

ir 

hi 

rv 

v 

vi. 

VII 
VIII. 

IS 

s 

SI 

SII 

Sill 


Corresponding Vertebra; 

Upper bolder of 1st cervical 
Upper half of 2nd cervical 
Middle of 3id cervical* 

Upper bordei of 4th cervical* 

Intervertebral disc between 4th and oth ceivical 
Lower bolder of 5th. cervical and disc between 5th and 6th. 
cei vical 

Lower half of 6th cervical 
Centre of 7th cervical 


Disc between 7th cervical and 1st doisal 

Lower border of 1st doisal and disc between 1st and 2nd dorsal 

Lowei half of 2nd doisal 

Lower half of 3id doisal 

Lowei two-thirds of 4th doisal 

Centre of body of 5tb dorsal 

Lower balf of 6th dorsal, and disc between 6th and 7th doisal 

Lower half of 7th dorsal, and disc between 7th and 8th dorsal 

Disc between 8th and 9th dorsal 

Intel vertebral disc between 9th and 10th dorsal 

Upper half of body of 11th doisal 

Middle of body of 12th dorsal 

Lower half of body of 13th dorsal 


Lumbar 

I 

II. 

III 

IV 
V. 

VI 

VII. 

Sacral 

I 

II 
III 


Lower half of 1st lumbar, and disc between 1st and 2nd lumbai f 
Lower qnartei of 2nd lumbai, and disc and npper quarter of 
- the 3id lumbai centie opposite discf 
Disc between 3rd and 4th lumbai* 

Lower bolder of 4th lumbar 
Middle of 5th lumbar 

Lower quaitei of 5th lumbar and disc between 5th and 6th 
Upper fourth of 6th lumbar 

2nd fourth of 6th lumbai 
3rd fourth of 6th lumbar 
Disc between 6th and 7th lumbar 


Coccygeal —The cord tapers gradually to 3rd sacral vertebra 


* These nerves consequently run slightly foi wards from the cord to leave the intervertebral 
foramina 

-f- These nerves are directed slightly forwaids on leaving the cord. 
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Appendix B —Table sli owing 1 Persistent Electucal Difference between &ut face and. 
Cross Section. Distance between Contacts 1 centirn Difference expiessed m 
fractions of 1 Daniell 

I Sciatic Nerve 


(1) In Connection luith Brain 


Cat (71)* 

018 

Monkey (47 ) 

007 

(73) 

013 

n (217) 

005 

(75) 

018 

«, (217) 

006 

(166) 

008 

m (221) 

00 5 

. (273) 

009 

„ (221) 

006 

, (288) 

008 

„ (262) 

003 

(290) 

009 

(270) 

003 

(291) 

004 

(280; 

004 

(292) 

00b 

„ (333) 

005 

, (301) 

004 

, (333) 

006 

, (301) 

006 

„ (368) 

005 

(296) 

009 

„ (368) 

007 

, (296) 

008 

Aveiage 005 Daniell 


(298) 

01 



(298) 

009 



■ (299) 

009 



, (299) 

013 



, (303) 

009 



, (305) 

009 



, (305) 

01 



, (382) 

009 



(384) 

0075 



Average 0094 Daniel! 





(2) Cord Divided in Dorsal Region 


Cat 

(32) 


005 

Cat 

(64) 

012 

' J 

(36) 


007 

yy 

(65) 

013 


(36) . 


007 

yy 

(206) 

01 

3 

(157) 


009 

5 

(209) 

012 

i 

(181) 


011 

15 

(209) 

'01 

y 

(164) 


009 

55 

(254) 

*011 

i 

(168) 


008 

n 

(263) 

009 


(172) 


012 

51 

(265) 

008 

y 

(173) 


011 

n 

(267) 

006 

l 

(175) 


007 

35 

(267) 

o 

o 

n 

(177) 


008 

53 

(275) . 

0085 

% 

(179) 


008 

33 

(276) 

0125 

y 

(181) 

• 

011 

^33 

(311) 

0125 


(190) 


01 

3 , 

(312) 

•012 

n 

(200) 


008 

33 

(329) 

01 

i 

(201) 


Oil 

33 

(329) 

012 


(203) 


007 

35 

(331) 

008 

yy 

(204) 

* 

*008 

35 

(331) 

-on 

*> 

(363) 

- „ _ 

009 

11 

(363) 

007 


Average 0094 Daniel! 


* As stated on p 303, the numbers in brackets following the mention of an animal refer to the page 

in our note ledger in which the observation is recorded, 

0 



ON THE MAMMALIAN NERYOTJS SYSTEM 


523 



(3 ) After Previous 

Operations on Cord 


Cat (227) division of left posterior roots 

007 left 


„ (227) „ ,> 

? 9 

009 riglit 


,, (230) division of riglit posterior column 

008 left 


, (230) „ 

5 ? 

005 nglit 


, (2^7) „ 

5 ? 

012 right 


, (251) division of both, posterior columns 

012 right 


, (259) left hemisection 


009 left 


, (259) 


008 right 


II. Lumbar Loots. 



7th Left Lumbar Posterior Root 


Cat (341) 

02 G 

Cat (381) 


(348) 

02 

, (382) 


(362) 

02 

Average 02 Dann 


0L8 

016 


6th Lumbar Posterior Root 


Cat (383) 


Oil 


6 th Lumbar Anterior Root 


Oat (383) 


0045 


III. Spinal Coed. 

Electbical Difference between Cross Section and Surface Cord Divided and 
Isolated at Position Indicated in Table. Contacts 1 centim. apart. 

_ (1.) Cord in Connection with Brain 


Cat (51) 1st lumbar 

033 

Monkey (41) 12th dorsal 

018 

(80) 12th dorsal 

044 

. (48) 12 th dorsal 

'024 

, (97) 12th dorsal 

03 

, (52) 12 th dorsal 

029 

(114) 2nd lumbar 

037 

, (54) 12th dorsal 

027 

, (118) 4th lumbar 

04 

, T (234) 12th dorsal 

025 

, (124) 3rd lumbar 

046 

Average 025 Darnell 


,, (126) 2nd lumbar 

04 



(288) 13th dorsal 

033 



(308) 1st lumbar 

033 



„ (314) 12th dorsal 

02 j 



„ (315) 13th dorsal 

032 



, (317) 13th dorsal. 

032 



„ (319) 12th dorsal 

029 



„ (323) 13th dorsal 

031 



,, (324) 13th dorsal. 

033 



Average 034 Dam ell 
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(2 ) Cord Severed from Brain. 


Cat 

(37) 8th dorsal 

043 

Monkey (271) 8th doisal 

•017 

3) 

(67) 9th dorsal 

026 

„ (281) 8th dorsal 

027 

3) 

(100) 9th dorsal 

036 

„ (321) 7th dorsal 

013 

S3 

(104) 9th dorsal 

03 

Average 019 Daniell 


3 ' 

(121) 11th dorsal 

031 



3) 

(140) 10th dorsal 

03 



3) 

(145) 10th dorsal 

03 



3) 

(148) 11th dorsal 

025 



Ji 

(151) 10th dorsal 

035 

Cat (37) 2nd lumbar 

035 

33 

(153) 11th doisal 

025 

, (124) 4th lumbai 

033 

3 

(192) 11th dorsal 

023 

,, (170) 1st lumbai 

029 

1 

(194) 10th dorsal 

018 

,, (243) 2nd lumbar 

033 

33 

(196) 10th dorsal 

03 

„ (301) 1st lumbar 

037 

33 

(243) 8th dorsal 

025 

(357) 2nd lumbar 

036 

>3 

(255) 8th dorsal 

03 

„ (366) 2nd lumbar 

•033 

33 

(289) 7th dorsal 

014 

„ (371) 1st lumbar 

03 

33 

(327) 9th dorsal 

028 

„ (378) 3rd lumbar 

028 

?J 

(337) 6th dorsal 

026 

" V J 

Average 033 Daniell, 


33 

(339) 8th dorsal 

03 

o 


33 

(344) 8th dorsal 

04 



3 J 

(346) 8th dorsal 

026 



33 

(349) 10th dorsal 

02 



33 

(355) 8th dorsal 

04 



33 

(375) 8th dorsal 

039 

Monkey (321) 2nd lumbar 

•018 


Average 029 Daniell. 


„ (232) 2nd lumbar 

018 


(3 ) Cord in Connection with Brain, bat divided Longitudinally into Right and 

Left Halves. 




Left 

Right 

Cat (1291 

2nd lumbar 

029 

018 

,, (130) 

1st lumbar 

01 

014 

n (133) 

2nd lumbar 

•028 

021 

„ (135) . 

3rd lumbar . 

•022 

019 

; » (309) , 

1st lumbar 

018 

•027 

,, (318) . 

13th dorsal 

018 

019 

: „ (324) . 

13th dorsal 

015 

•022 

Average 02 and 02 Daniell. 
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Left 

Right 

Monkey (213) 

1 

10th dorsal 

02 

014 

„ (215) 

10th dorsal 

023 

012 

, (217) 

11th dorsal 

013 

011 

„ (235) . 

11th dorsal 

013 

Oil 

„ (237) 

2nd lumbai 

013 

009 


Aveiage 016 and 

Oil Daniell 


(4 ) Cord Severed, from Brain and Divided Longitudinally. 



Left 

Right 1 

Cat (137) 

8th doisal 

007 

016 

» (143) 

9th dorsal 

021 

013 


(5 ) After Section of Columns 1-3 Months Previous to Observation, Cord Severed 

from Brain. 

Cafe (228) division of posterior roots on one side, 11th dorsal . *012 

, (231) division of right posterior column at 7th dorsal, 11th dorsal 025 

, (252) division of "both posterior columns at 10 th dorsal, 6th dorsal 022 

, (260) left hemisection at 9th dorsal, 4th dorsal 017 

, (283) left hemisection at 12th dorsal, 6th dorsal . 038 

„ (228) hemisection on right side at 9th dorsal, 1st lnmbai 018 

Average *022 Daniell 


(6 ) General Average. 


Average, all cases, cord, Cat 

,, „ Monkey 


032 Daniell 
02*2 „ 
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Description of Plates 29-35. 

Plate 29 Arrangement of an experiment on a Cat for the investigation of electrical 
changes in the spinal cord consequent upon excitation of the peupheral nerves 
See Chapter III 

Plate 30 Photograph of the encephalon and spinal cord of an adult Cat, two-thirds 
natural size, showing correctly the proportionate size of the various regions of 
the neural axis 

The spinal nerves m this and the succeeding Plates are indicated by Roman 
figures and capital letters 

a, b, c, d are points on the cortex cerebri lefened to on page 329 

Plate 31 Photograph of the neural axis m a Cat, the same preparation as in 
Plate 30, as arranged for the experiments on bilaterahty, &c 

Plate 32 Photograph of the encephalon and spinal cord of an adult Rhesus Monkey, 
to show, m comparison with Plate 30, the proportionate size and details of the 
neural axis m the Monkey as contrasted with the Cat. 

Plate 33 Photograph of the neuial axis m the Monkey, the same preparation as m 
Plate 32, as arranged for the experiments on bilaterahty, &c 

Plate 34 Photograph of a recent dissection of the lumbar plexus m an adult 
Monkey, showing the arrangement of the loots entering the plexus 
Ac. = Antei 10 r crural nerve 
Ob. = Obturator nerve 
E.P . = External popliteal 
I.P. = Internal popliteal. 

Us = Branches to hamstring muscles 
An — Branches to anal and pudic plexuses 
= Ffium terminale 

Plate 35. Photograph of a recent dissection of the lumbar plexus in an adult Cat. 

Lettermg as m Plate 34 

S.s = Small sciatic. 
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[Plates 36-39 ] 

The difficulties attendant upon the accuiate microscopical investigation ul enamel 
and dentine, especially of the lattei tissue, have been so gieat, that veiy vaned views 
as to then structiue and development have been held up to the present time. 

In the study of the development of dentine, where it is necessaiy to letam a veiy 
soft and delicate tissue, the pulp, m its liatuial lelations to a haid, calcified tissue, 
the dentine the difficulties have been gieatest, and it has geneially been found 
necessaiy to resort to decalcification of the haid tissue by acids, to ensure this 
retention of the natural relations of the parts 

Even, however, by this method, aided by the improved processes of section cutting 
now m use, good preparations, in which the cells of the pulp are retained m 
undisturbed contact with the dentine through any great extent o± surface, are 
compaiatively rare, and the cells of the pulp usually exhibit by their shiunken 
condition the injurious effects of the leagents used 

It is probable also that theie aie other detrimental effects of these reagents piesent, 
which aie not so easdy detected, and the fact of the lime salts being removed from 
the dentine, does, as I shall endeavoui to show, produce an alteiation m its 
microscopical appearances 

By a process elaborated by Hi L A Weil, of Munich, and suggested, to him by a 
method employed by Professor von Koch, of Darmstadt, in the preparation of 
Mollusca, the last-named difficulties have been overcome, and we can now cut 
preparations of the teeth with the pulps in situ, without decalcification. The piocess 
was described by Di. Weil in a paper entitled ‘ Zur Histologie der Zahnpulpa J 
(Leipzig, 1887), and in the ‘ Zeitschrift fur Wissenschafthche Mikroskopie’ (vob 5, 
1888, pp 200-202), also by myself m the transactions of the Odontological Society 
of Great Britain 5 (vol. 22, May, 1890). 

The process consists, first, in “fixing” the soft parts by placing the freshly 

8 l 92 
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exti acted tooth m a saturated solution of conosive sublimate in water first dividing 
the specimen with a fine saw at one end to allow the solution to penetrate 

When sufficiently fixed, the sublimate is removed by washing, and the tooth passed 
gradually through successive stiengths of alcohol to absolute alcohol it is then 
passed into chloiofoim, to which aie gradually added fiagments of dessicated Canada 
balsam, until a veiy thick solution of the balsam is produced The preparation 
is then placed in a suitable receptacle over a water-bath, covered with more of the 
dessicated Canada balsam, and kept at a temperature of 90° C for several days, to 
allow the thoiough penetration of the tissues with the hardened balsam. 

The tooth is then lemoved, cut with a fine sharp saw under water, and the sections 
ground doun, first on a lathe with corundum, and afterwards on a fine stone with 
watei, under the finger Staining in hulk may be accomplished during the treatment 
with alcohol, and the sections are mounted m chloroform balsam 

Yerv thin sections can be cut by this process, and good preparations exhibit a 
section of the whole pulp m undisturbed relation to the dentine, and. I think, with 
less alteration m the soft parts, than with any othei process which has been made 
use of 

In the following mvestigation, the method above descubed has been employed, 
compared with, and controlled by, other specimens piepared by the more usual 
methods. 

Of the vaiious theories that have been held as to the development of dentine, the 
view most widely received, and embodied m all the puncipal text-books, is the 
conversion view of Tomes, Waldeyer, Boll, and others, and given by Mr Charles 
Tomes, F.R.S , in his ‘ Dental Anatomy 5 

Certain appearances m fully formed, and in developing dentine, are not thoioughly 
accounted for on this theory, and I propose in the following communication to 
describe these appearances, as demonstrated in hnman dentine, in other Mammalian 
dentines, and in the vaso-dentme of fish. 

These appearances I look upon as indicative of dentine tissue being formed by 
a connective tissue calcification, and thus being much moie closely analogous in its 
manner of development to bone than has usually been supposed. Other observers 
have described appearances not fully accounted for under the current theories ol 
dentine development, as will appear fiom the following brief summary, but no 
observer, so far as I am aware, has either described or figured specimens in such a 
way as to be at all conclusive; indeed, much that has been written on the subject 
scarcely amounts to more than an expression of a prion hypotheses 

Of the two different theories held, as to the method by which bone is formed from 
cells* the "conversion 1 view and that of "secretion/’ the lormer has been the most 
generally received 

According to the " conversion view ” the masses of individual osteoblasts are 
consolidated by the deposit of lime salts in their substance, and the laminae of the 
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,bone are made up of these layers of consolidated cells—the bone corpuscles are 
osteoblasts, which have become included m the calcified matrix, but have themselves 
remained uncalcified 

The other view is that of u secretion”—the osteoblasts are held to secrete a sub¬ 
stance which calcifies, and this secretion being not uninterrupted, but intermittent, 
the laminae of bone are produced 

The layers of osteoblasts lying against the bone secrete the calcifying material, not 
becoming involved m the matrix themselves, with the exception of those which 
become enclosed by the forming bone and persist as lacunal cells 

These two different views, with some modifications, have also been held as to the 
formation of dentine. 

John Hunter held that the dentine was formed by a process of secretion, as the 
shell is by the animal that forms it In ‘ The Natural History of the Human Teeth,’ 
p 42, he says * “ The ossified part of a tooth would seem to have much the same con¬ 
nection with the pulp as a snail has with its shell ” 

Purklnje and Bashkow held that the basis substance of the dentine originates 
from fibres which are formed by the dentine pulp—the dentinal canals representmg 
the spaces between these fibres 

Schwann considered that the fibres in human teeth run in the same direction as 
the canals, -while Purkinje and Basrkow considered the fibres to be at right angles 
to the tubes (parallel to the surface of the pulp), and that the dentine was deposited 
in successive layers. 

Schwann says “We have to regard the dentine as composed of fibres (basis sub¬ 
stance) between which the canals, possessed of separate walls, are present, But,” he 
asks, “ m what relations stand the fibres and the tubes to the cells ^ ” (odontoblasts), 
and he believes it possible that the dentine is the ossified substance of ihe pulp. 

Kouliker, Lent, Hertz, Baume, look upon the formation of dentine as a secretion 
process, Baume holding that “the odontoblasts secrete a material which calcifies, 
lather than that they are themselves converted.” Waldever, Tomes, Beale, 
Boll, and Klein, on the other hand, support the conversion view of dentine develop¬ 
ment 

Wald ever, considering the process of ossification to be identical with that of 
ordinary bone, holds that the dentinal fibres are the central remains of the odonto¬ 
blasts, while their peripheral portions become basis substance. 

Tomes (* Dental Anatomy,’ p 170) says, “ The dentine is, I believe, formed by the 
direct conversion of the odontoblast cells, just as the enamel is by that of the enamel 
cells, and is derived from them and from them alone.” 

In a paper on the development of dentine and enamel read before the International 
Medical Congress, at Berlin, m August, 1890, Dr Michael MorgeNstern regards 
the hardening of the tooth as a transudation process, caused by a substance in the 
pulp itself which contains salts of lime independent of the odontoblasts, which sub- 
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stance is taken up by the odontoblasts, accumulates m them, and passes out of their 
peripheral border, &c, &c. 

Professor Klein describes the dentine previous to its calcification as showing “just 
like the substance of the odontoblasts the fine netwoo L of its matrix. (‘ Atlas of 
Histology/) Again, in the ‘ Elements of Histology,’ the same authority says “ The 
dentine is composed of 1st, a homogeneous matrix, this is a reticular tissue of fine 
fibres impregnated with lime salts, and thus resembling the matrix of bone, &c , &c 
Professor Klein holds that the network of leticular tissue m the substance of the 
odontoblasts is the reticular basis of the dentine matrix, which is thus an mtra- 
cellular substance By the aid of the mode of preparation of specimens above 
described, checked by the employment of other methods, X hope that T may be able 
to adduce more positive evidence of the inter -cellular nature of the dentine matrix 
th an has yet been given, and to furnish something approaching to definite proof of 
the views herein set forth 

A transverse, or longitudinal section of the pulp and dentine of a young healthy 
tooth, in which dentme formation is in active progress, cut by the process described 
above, shows the several parts with great distinctness. (Plate 36, figs, 1 and 2.) 
Ow ing to the retention of the lime salts, the fully calcified dentine is seen very 
clearly differentiated from the next layer (fig. 1, b), that “tissue on the borderland 
of calcification ” (Tomes) which is situated between the fully calcified dentine and 
the odontoblast layer. The layer ( b ) which takes the stain faintly is traversed by 
the dentma! fibril and encroached upon above by the advancing line of calcification 
(a) m the form of coalescing globules and detached spherical masses 

The odontoblast layer (c) is in immediate contact with the above-described semi- 
calcrfied layer ( b ) and the cells composing it he square to the forming dentine In 
thin sections the odontoblasts form a single layer only, and in young teeth there is a 
distinct space between them (Plate 36, fig. 2.) Hr. L A. Weil (‘ Zur Histologie 
der Zahnpulpa ’) describes as a separate layer, a comparatively clear space existing 
between the odontoblasts and the general mass of the pulp tissue (Plate 36, fig 1, d), 
in which there are no cells, but interlacing fine fibres, which he describes as being m 
connection with the odontoblast cells. This layer takes the stain very faintly, or 
not at all, generally appearing with low powers as a clear zone immediately beneath 
the odontoblasts. 

I can certainly corroborate tbe fact of the constancy of this appearance in the 
transverse sections of teeth I have examined, although not agreeing with Dr Weil 
as to the ultimate destination of all these fibres. In some longitudinal sections, 
however, taken near to the growing and unfinished end of a bicuspid tooth, I have 
been unable to distinguish any such layer, the cells and fibres of the general 
p»lp fene being in immediate proximity to the odontoblasts. In transverse 
sections near the apex of the pulp (where the growth of the dentine is not very 
I have seen the 'layer much more marked than in other parts. Dr Weil 
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compares this layer to basal membranes (loc cit ) Beneath this is seen the 
“ gelatinous connective tissue ” of the main substance of the pulp with its numerous 
cells, blood-vessels, and nerves (fig 1, d) 

In some of the first specimens which I cut by the balsam piocess (longitudinal 
sections of young healthy bicuspid teeth) my attention was arrested by a peculiar 
appearance at the border of the dentine which I had never seen m decalcified 
preparations 

Processes were seen springing from the dentine, and blending with the connective 
tissue of the pulp, all round the margin of the pulp cavity (Plate 36, figs 3, 4, 5, 6). 
On examination with a higher power, these processes have the appearance of con¬ 
nective tissue bundles partially impregnated with lime salts m advance of the main 
line of calcification 

At the inner margin of the dentine they are seen to spring from its substance in a 
direction more or less parallel to the surface, these horizontal bundles of fibres 
blending together into larger bundles at right angles to the surface of the dentine, 
much as the spreadmg roots of a tree coalesce to form its trunk 

These bundles, the high refractive mdex of which suggests them partial calcification, 
are plainly seen to be continuous with the general connective tissue of the pulp In 
the specimen from which the photographs* were taken, no stam was made use of, 
and m rubbing down the section much of the pulp was broken away from the dentine, 
rendering very conspicuous the connection of these fibres with the calcified tissue. 
I have not seen many specimens m which these connective tissue fibies gave evidence 
of partial calcification, and I am inclined to think the condition is an unusual one, 
although I have constantly, as described below, met with these fibres from the 
pulp incorporated with the portion of the matrix still unimpregnated with lime 
salts (One is reminded, by these specimens, of the similar appearances in the 
formation of hone m membrane, where spiculse aie seen shooting out m advance of 
the calcified substance) 

The peculiar appearances exhibited by these specimens led me to examme othei 
teeth for the same tissue, with the result that I found it was distinctly visible in the 
great majority of sections cut, the specimens above described being peculiar only m 
the large size and great apparent rigidity of these fibrous prolongations. 

At the apex of the pulp cavity these processes are more slender, form wide, open 
loops, and can be traced for some distance into the pulp (Plate 36, fig 6). 

In sections cut somewhat obliquely (not m the same plane as the odontoblasts) the 
appearance shown in Plate 37, fig 1, is often seen. Here small, deeply-stained 
cells, or cell-nuclei are seen, crowded upon, and following the course of, the bundles 
of connective tissue fibres, which in this specimen are very delicate. In other pre¬ 
parations, however, these bundles are much coarser, and the cells seem to be incor- 

* A set of photo-micrographs, illustrating this paper, are in the possession of the Royal Society, See 
p 543 infra* 
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porated in the bandies (Plate 37, % 2), reminding one very much of the appearances 
in developing membrane-bone, where osteoblasts are seen applied to, and lying 
between, the bundles of osteogenic fibres 

In the last preparation referred to (Plate 37, fig. 2), which is cut in the plane of 
the odontoblasts, their nuclei are seen m the interspaces of these bundles although 
the outlme of the cells cannot be made out 

A section which is not cut m the exact plane of the odontoblast cells exhibits the 
fibrous tiabeculae with greater distinctness than one cut m that plane, although they 
can readily be seen among the odontoblasts m the latter preparations I think this 
is accounted for by the fact that the stained odontoblasts lying among these fibres 
hide them to a great extent, but when cut obliquely, the odontoblast nucleL are seen 
end on, and the regular layer of cells not being conspicuous, the connective tissue 
bundles are more clearly seen 

Many of the cells which are m contact with the processes above described, especially 
those which appear to be involved m the bundles, are distinctly smaller than the 
odontoblasts, and seem too closely applied to these bundles to be interpreted as 
odontoblasts Associated, therefore, with these latter cells are other cells which, I 
believe, play an important part in dentine development, but they are destitute of 
processes, and not arranged m a definite layer 

In longitudinal sections of teeth where the tubes are cut obliquely, or nearly at 
right angles, especially near the upper part of the pulp cavity, the reticular structure 
exhibited m Plate 38, fig 1, is sometimes visible, a fine net-work of fibres forming 
circular and oval meshes, involved m which are numerous small round cells. This 
appears to be the same reticulum of fibres described m the previous specimens, but 
seen, as it were, from beneath, the meshes being cub transversely 

Having constantly found these appearances in fully-formed teeth, I proceeded to 
examine specimens which had uncompleted fangs, m which, towards the unformed 
apex, the deposition of dentine was in active progress 

A longitudinal section from such a tooth exhibits the appearances shown in Plate 37, 
fig. 3. 

In this rapidly growing portion of a tooth (Plate 36, fig 2), the odontoblast cells are 
seen to be disposed in a single layer, to lie square against the layer of stained, uncal¬ 
cified matrix substance (Plate 37, 5), which is here very broad, and to be distinctly 
separated from one another. This slight separation between the odontoblasts I have 
found to be very constant in young dentine. A distinct reticulum of fine fibres is 
seen passing between and enveloping the odontoblasts, and by careful focussing 
on the right plane (see Plate 38, fig. 3, e), these fibres can be seen to be gathered 
into bundles and incorporated with the matrix substance out of which they appear 
to spring. 

Small elongated and irregular shaped cells are seen in this specimen, mingled with 
tfe odontoblasts. In this section also, as m others of very young dentine which has 
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not been decalcified, a faint striation parallel to tbe surface of the pulp cavity is visible 
m the recently calcified dentme 

This striation cannot be seen m these specimens in the layer between the odonto¬ 
blasts and the dentme, but m the same layer m the mcisor of a Calf kept for a long 
time m chromic acid, it can be seen very distinctly. 

The striation in the dentine is limited fco a narrow area, the matrix at some little 
distance from the pulp cavity showing no indication of it, neither is it visible m the 
last-formed layeis of dentine near the apex of the pulp cavity at this stage of develop¬ 
ment It is particularly evident m the dentme of the Rat 

Having satisfied myself of the presence of the connective tissue processes above 
described, m human dentine, I examined teeth of persistent growth, taking the incisor 
of the Rat (Mus decumanus) 

A thm section, cut by Weil’s process, shows a very strong connective tissue in the 
pulp, and a very open meshed reticulum of connective tissue bundles at the margin of 
the dentine, covered with small rounded cells similar m appearance to those of the 
main substance of the pulp (Plate 37, fig 4 ) 

In these specimens the mcoiporation of tbe connective tissue bundles with the 
forming dentme is particularly evident; the fibres, which form round and ovoid 
meshes at their point of junction with tbe dentme, lie in a horizontal or oblique 
position to the suiface of the pulp cavity, and m many parts can be traced for a little 
distance into the substance of the formed dentine. Many of the small rounded cells 
seem to be incorporated with the fibres, as described above in human dentine, others 
are seen lying m the areolar spaces of the tissue 

The strongest fibrous bands are usually seen at a little distance from the growing 
base of the tooth, and the whole of this tissue towards the apex of the tooth was 
apparently considered by Mr Tomes to be a degenerative tissue, as he says in the 
‘Dental Anatomy,’ p 367, “near to the surface actually m wear, they (the fibrils) 
become cut oif from the pulp cavity by the conversion of what remains of the pulp 
into a laminated granular mass, so that the dentme exposed on the surface of a 
rodent’s tooth must be devoid of sensitiveness ” I find, however, that in sections cut 
by the balsam process the pulp contains odontoblasts as far forward as it extends, and 
that m all the specimens I have examined the tubules of the dentine pass through 
this lammated layer to the pulp tissue, and are nowheie cut off from connection 
with it and its cells One would imagme that in the process of preparing such 
teeth by decalcification, the boundary between the lammated dentine and the laminae 
of the pulp tissue would be obscured, and thus lead to suoh an interpretation as the 
above 

A very distinct stnation of the dentme is noticeable at the margin of the pulp 
cavity, the individual striae interlacing, but maintaining a general direction parallel 
to the connective tissue bands of the pulp which are incorporated with the matrix 
These striae are very visible for some way into the dentine, forming in this situation a 
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baud of a slightly darker appearance than the rest of the dentine, and fading gradually 
away m the deeper parts of the tissue approaching the enamel. With good illumina¬ 
tion the strise can be detected m many parts in the form of fine lines in the deeper 
portion of the dentine. These markings bear a strong resemblance to those m a 
similar situation described above as sometimes seen m human teeth 

Allowing for the possibility of these connective tissue fibres being a degenerative 
tissue, X examined the growing base of the incisor of a young Rat, and found the 
same arrangement of fibres very distinctly blending with the dentine substance, and 
in this situation crowded with small polygonal cells, winch m some paits were m such 
abundance that the septa seemed to- be made up of cells (Plate 37, fig 5) 

The odontoblasts and the fibrous bands can m many parts be seen at the same time, 
but as m the case of the same tissue m human teeth, the fibres are most distinctly 
seen where the section is not cut exactly across the plane of the odontoblast cells. 

In a molar tooth from a newly-born Rat, m which there was but a narrow strip of 
dentine formed, fine connective tissue fibres could be well seen running through the 
odontoblast layer to the dentine, and m some places forming loops at their junction 
with the dentine Upon and around these are small cells, considerably smaller than 
the nuclei of the odontoblasts which are visible among them. 

In some sections from the tusk of the Elephant, kmdly forwarded to me by Pro¬ 
fessor Miller of Berlin, I find a similar incorporation of the pulp tissue m the newly 
formed (tubular) dentine (Plate 38, fig. 2) 

These specimens, however, having been prepared from dried pulps, do not exhibit 
the cells m their natuial condition, although the passage of the connective tissue 
fibres of the pulp into the dentine is exceedingly well marked. 

In the erratic deposits of secondary, non-tubular dentine, m the substance of the 
pulp of the tusk, so frequently met with, the incorporation of the stroma of the pulp 
in the tissue is very clearly seen (Plate 38, fig, 3). 

At the suggestion of my friend, Mr. Charles Tomes, I examined the teeth of 
several fish in which an appearance of lamination is noticeable parallel to the surface 
of the pulp cavity, to discover if this same layer of connective tissue can be seen in 
vaso-dentine, between the formed dentine and the pulp In the very characteristic 
vaso-dentine of the Hake ( Merlucius ), after many failures m consequence of the 
specimens not having been treated when sufficiently fresh, I obtained sections of these 
teeth showing a well defined layer around the pulp cavity, consisting of connective 
tissue fibres blending with the dentine, openings being present at intervals m this 
layer for the passage of the numerous blood-vessels (Plate 38, figs 4 and 5) 

In longitudinal sections these fibres are seen lining the pulp cavity from base to 
apfeX’of the tooth , they are seen to be in close apposition to the most recently formed 
layer ofvaso-den tine matrix, and have a very well defined limit towards the pulp. 

♦ Tfe,m<fividual fibres when examined with a high power, are wavy in outline, many 
Somewhat flattenedthey show a tendency to form arches with one 
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another, and the interval between the concavities of these fibres is often occupied by 
two or three curved ones passing from one side to the other Their teiruination 
towards the pulp appears abrupt, but with high powers they are seen to be attached 
to the stroma of the pulp by delicate fibres. This layer is very closely applied to the 
blood-vessels, and m many places where a horizontal vessel traverses the pulp close to 
the dentine, these fibres appeal to be attached to the vessel, or rather, it is involved 
in the meshes of the delicate pulp tissue passing from this layer to the deeper 
portion of the pulp Here and there, one of the large flattened fibres may be seen 
to extend beyond the others, deeply into the pulp, there dividing into several branches 
An unstained specimen shows very faint tiaces of cells near the dentine, but in those 
stained with carmine a layei of polygonal cells is visible in close apposition to the 
dentine These cells vary much in size , they have a coarsely granular appearance, 
with a well-marked nucleus, and take the stain deeply Near the base of the tooth 
they form a well-maiked layer and are placed closely together (Plate 39, figs 1 and 2), 
but as the apex is approached they have a more rounded outline and less definite 
arrangement Many of these cells have short processes (Plate 39, fig. 3) passing from 
one cell to the other, and heie and there to the dentine, and very similar cells are 
seen scattered throughout the pulp 

From then close application to the dentine, their regular arrangement, and their 
strong resemblance to osteoblasts, I believe these cells to be intimately concerned m 
the calcification of the vaso-dentine matiix At the base of the anchylosed tooth of 
the Hake, cells precisely similar in appearance are seen in contact with the surface of 
the bone 

In an important paper by Mr Charles Tomes “ On the Structure and Develop¬ 
ment of Yascular Dentine,” published in the *Philosophical Transactions of the Royal 
Society’ for 1878 (vol 169, Pait I ), he gives an account of the mode of development 
of this tissue which has since been generally adopted The author describes a layer 
of odontoblasts as “ clothing the whole pulp, and where there is a capillary at the 
surface they clothe it, so that when they calcify, the capillary becomes solidly 
imbedded m the dentine ” 

From an examination of the specimens which I have prepared, as described above, 
I am inclined to think that much of the tissue here called odontoblasts consists of 
the connective tissue I have alluded to. 

Mr. Tomes has kindly lent me some of his specimens, preserved m balsam and m 
glycerine jelly. In these latter pieparations the great majority of the processes 
attached to the blood-vessels are precisely similar m appearance to the fibres I have 
described Mr Tomes notices in his paper that the oval nucleus of the odontoblast 
cells is m some cases very distinct, in others indistinguishable, and says c< I have 
been unable to discover in what conditions this is the case ” The explanation I 
believe is in the fact that in the teased-out specimens, the cells which play the part of 
odontoblasts he here and there in the meshes of this connective tissue. Many of 
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the flattened, fibres look very like cells, but are distinguished by the absence of a 
nucleus. 

I think it is these fibres which clothe the blood-vessels that are in close apposition 
to them m their course through the pulp tissue, and it appears highly probable that 
in teasing out the pulp m any fluid medium, the blood vessels would be likely to 
draw away with them this layer of fibres from its attachment to the dentine 

In some transverse sections which were prepared by Mr Tomes and stained with 
hematoxylin, the layer of connective tissue fibres is deeply coloured, and where these 
are crowded together they look very like odontoblasts, but thm sections show them 
to consist of fine fibres and also show the absence of nuclei at their distal extre¬ 
mities 

While therefore agreeing with him as to the existence of an odontoblast layer m 
vaso-dentine, I think that the cells are very different in form to the odontoblasts of 
Mammalian teeth, bearing much more resemblance to osteoblasts, and that they lie 
in the meshes of, and are surrounded by a layer of, connective tissue fibies m intimate 
connection with the dentine 

These fibres form a much more definite and sharply defined layer than m any Mam¬ 
malian teeth, so much so that they have been regarded by the above-mentioned 
author as a peculiar odontoblast layer. 

After a reconsideration of bis own and of my specimens, Mr. Tomes agiees with me 
that they must be considered to be of the nature of a connective tissue. 

Some of his more recent investigations on the dentine of the Cod have a strong 
bearing on this subject He finds an outer marginal layer of dentine m which 
bundles, like connective tissue bundles m a hyaline matrix, are plainly seen, springing 
from the deeper vascular part of the dentine , these fibres are arranged radially like 
those, surrounding the pulp cavity Also m transverse sections of the decalcified 
Hake s tooth the dentine is often seen split up into fine fibres, likewise arranged at 
right angles to the surface of the pulp cavity (Plate 39, figs. 4 and 5). 
a There 8tm remans the not inconsiderable difficulty that the layer of connective 
tissue which I have described as surrounding the pulp of these vaso-dentine teeth, 
which is sharply defined and of great regularity, consists only of radial fibres, so that 
we are still no nearer to an explanation of the concentric striation of vaso-dentine 

As a result of the above observations I proceeded to examine teeth for evidences of 
lamination m the completed dentine, or for any indications of its having been 
developed on a connective tissue basis. ° 

. ““oboratoon of this latter point, connective tissue fibres are sometimes brought 
into view m the substance of the dentine in teeth softened by caries, the acid formed 
m the progress of this disease dissolving out the lime-salts. 

%e to the inner margin of the dentine in a case m which canes had encroached 
PTO caviti 7» tiie appearance represented m Plate 36, fig. 7, is visible. Here 
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the lime-salts and the tubules seem to have been dissected away, as it were, by the 
acid, exposing the connective tissue basis of the matrix. 

As evidence of the completed dentine retaining something of a laminar structure, 
the following arguments may be adduced *— 

1. Teeth decalcified by the mineral and other acids, break up at right angles to the 
tubes, that is concentrically with the pulp cavity. 

2. Teeth partially decalcified by treatment for a short time with acids sometimes 
exhibit this splitting m a very marked degree 

3. There is a famt appearance of stnation (before referred to) in many teeth cut by 
the balsam process, this appearance being confined to the portion of the dentme which 
has been most newly foimed, nearest to the active odontoblast cells m rapidly 
growing teeth 

4 Mr. F J. Bennett, m a paper read before the Odontological Society m 1888,* 
described the appearances produced by the action of glycerine on dentme m which 
laminae were brought into view 

5. In several specimens of carious teeth, m the portion of dentine yet unmvaded by 
micro-oigamsms, but within the area of partial decalcification m advance of them, a 
minute stnation is visible, bearing a very strong resemblance to the striation of 
yoluntary muscular fibres, mterrupted here and there by some rounded contours which 
it is somewhat difficult to explain. 

6 In the vaso-dentme of fish, besides the lamination parallel to the surface of the 
pulp cavity, the dentme m decalcified specimens splits up at light angles to the pulp 
cavity, and bundles of fibres are seen following the same direction incorporated with 
the outer layers of dentine in the Cod (above refeiTed to) 

Now, unless it be held that these appeaiances have been brought into view by the 
processes employed, which I think can hardly be maintained by anyone who examines 
the specimens, the verification of these observations must lead to some modification of 
the ordinarily received views of dentme development. 

We can no longer look upon the matrix of dentine as being a homogeneous sub¬ 
stance, but must regard it as composed of a reticulum of fine fibres of connective tissue 
modified by calcification, and where that process is complete, entirely hidden by the 
densely deposited lime salts. These fibres decussate freely with one another, and I 
believe them to be analogous to the decussating fibres of bone They are rendered 
visible in some instances by the slow decalcifying action of caries, as they appear to 
resist the action of acids more than do the lime salts. 

For this layer of connective tissue surrounding the pulp and entering into the sub¬ 
stance of the matrix I would suggest the term “ odontogenic fibres,” from their great 
similarity to the osteogenic fibres of bone. There are objections to the term osteo¬ 
genic, as applied to these fibres in bone, as they are the scaffolding on which the bone 
is built up, rather than actually the genetic tissue of the bone, and the same objection 
* ‘ Transactions of the Odontological Society of Great Britain,’ vol 21, November 
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holds good for the term odontogenic, hut it is suggested as the most convenient 
appellation, and the one hy which their analogy to the similai fibies in hone is best 
indicated 

In the formation of sub-penosteal bone, bundles of fibres from the periosteum are 
seen springing from the bone, and in the alveoli formed between these bundles the 
osteoblasts he. 

These periosteal fibres penetiate the bone, and can be distinctly seen m it m many 
places, although the great majority of them are afterwards obliterated by absorption 
of the bone first formed, and the foimation of dense bone around the Haversian canals 
—the so-called Haveisian systems 

A similar appearance is seen m cementum, the fibres being visible m this tissue as 
Sharpey’s fibres. (Plate 37, fig 6 ) 

The above investigations as to the occunence of this tissue surrounding the pulp 
cavity m teeth, suggest the view that these fibres are the scaffolding on which the 
tooth matrix is built up—just as calcification proceeds m bone along and around the 
osteogenic fibres—that they are incorporated m the matrix of the dentine by calcifi¬ 
cation, and form really the basis of its substance 

In the ‘Dental Anatomy 5 (p 62), Mr Tomes says, “Several varieties of dentine 
exist in which those peculiarities of structure which differentiate it from boue are less 
marked, so that a point is sometimes reached at which it is hard to say whether a 
particular structure should more rightly be regarded as dentine or as bone Hard or 
tubular deDtme has always been considered least like bone in structure and m 
development 55 

Again, on p 176 (loc cit ), speaking of the development of osteo-dentine, the same 
authority says, “ With the exception of the thin external layers, which are developed 
from a superficial layer of not very highly specialised cells, osteo-dentme is built up in 
a manner fundamentally different from that m which hard dentine, plici-dentme and 
vaso-dentme are constructed. . . . Its inner surface becomes roughened by trabe¬ 
culae shooting inwards into the substance of the pulp, which speedily becomes traversed 
completely by them, as well as by the connective tissue bundles which are continuous 
with them Osteoblasts clothe, like an epithelium, the trabeculae and the co nn ective 
tissue fibres attached to them, and by the calcification of these the osteo-dentme is 
formed. The process is exactly like calcification of any membrane bone, and the 
connective tissue bundles remind one of those which are believed to be the occasion 
of the formation of Sharpey’s fibres in bone n 

* The appearances m dentine which I have described m the earliei part of this paper, 
wotdd seem to point to a mode of development of hard or tubular dentine which in 
mahy essential points tallies with the description of the development of osteo-dentine 
abpve given, 5nd consequently presents a strong analogy to the development of bone 
?fiimebibran=4 

^ l^^jl^r^n^eAliine, as I have shown, trabeculae are seen shooting mwards into the 
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pulp from the surface of the forming dentme These trabeculae (sometimes exhibiting 
an appearance as if stiffened by the deposit of lime-salts m advance of the general 
line of calcification) are continuous with the connective tissue fibres of the pulp 

These fibies and trabeculae are also m the case of hard dentme, as m that of osteo- 
dentme and bone, covered with cells, which m many parts thickly clothe them, and 
which, it is to be supposed, have similar functions to osteoblasts Smaller cells are 
intimately associated with the odontoblasts proper, the latter cells being also involved 
m the connective tissue stroma m continuity with the dentine, and according to the 
view which under the circumstances seems most reasonable, these cells together 
secrete a material which calcifies along the lines of the odontogenic fibres 

This view appears to be supported by the investigations into the development of 
vaso-dentme above recorded, for here the cells at the margin of the pulp cavity bear 
a strong resemblance to osteoblasts, and he between and among the connective tissue 
fibres springing fiom the matrix, just as the osteoblasts he between the connective 
tissue bundles m the calcification of sub-periosteal bone. 

While convinced that the views I have advanced are correct as far as they go, I 
acknowledge that they render some things perhaps more difficult of explanation than 
do those ordinarily received, for example, the nature of the dentinal fibrils, their 
relation to the odontoblasts, and the share taken by them m dentine foimation, were 
more easily explained upon the hypothesis that the matrix was formed by the direct 
conversion of a portion of the odontoblast Further investigation into the contents 
of the dentmal tubes seems called for, indeed, the usually accepted view of the origin 
of the fibril has not appeared satisfactory to all observers Professor Klein says, 
“ However great the authonties who mamtam that the cells of the outer stratum 
above referred to as the odontoblasts proper, send processes into the dentmal canals 
as the dentinal fibres, I must question the accuracy of this assertion, for I cannot 
find convincmg evidence of those odontoblasts doing more than producing the dentme 
matrix . . . the dentmal fibres appear to me to be derived solely from the deeper 

layer of cells which are wedged m between the former ”—‘ Atlas of Histology ’ 

The same view was maintained by Dr Andrews, of Boston, in a paper read before 
the IXth International Medical Congress at Washington 

My own observations on the relations of the dentinal fibril are as yet incomplete, 
many appearances met with being somewhat contradictory 

As pomted out by many observers, there is always present in developing dentine 
a layer of tissue between the odontoblasts and the fully calcified matrix which is “ on 
the borderland of calcification,” a tissue believed by those who hold the conveision 
view, to consist of the consolidated masses of odontoblasts prior to their calcification, 
but which according to the view of secretion here maintained, is a material elaborated 
by the odontoblasts and other cells upon a connective tissue foundation It appears 
probable that this tissue being gradually saturated by the lime-salts elaborated by 
the cells, becomes supersaturated at a certain distauce from the secreting cell, a 
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process analogous to crystallisation* takes place, and the globules of calcoglobulin are 
deposited. 

The calcification of the matrix of tubular dentine is so complete that the fully 
formed tissue appears to be perfectly homogeneous 

A faint stnation m newly formed dentine may, however, be detected, and is very 
marked in the incisor of the Rat before referred to , moreover, the effects of artificial 
decalcification and that caused by the progress of caries are such as to render visible 
this indication of lamination, and point to the original development of the matrix on 
a connective tissue foundation 

To Mr Charles Tomes I am much indebted for the kind assistance and valuable 
suggestions he has given me throughout this investigation, and my thanks are also 
due to the Directors of the Marine Biological Association for the kind manner in 
which they have supplied me with fresh specimens, preserved by special methods. 


Note. 


Added March 5th, 1891 


Since communicating this paper, I have received from Vienna a paper by Professor 
V. yon Ebner, which has a considerable bearing on the subject of the present com¬ 
munication. It is entitled “ Histologie der Zahne mit Einsohluss der Histogenese,” 
and has been published recently m the * Handbuch der Zahnheilkunde ’ now 
appearing in separate parts (Vienna, 1890-91) 

Professor von Ebner says “ The dentme matrix appears to be homogeneous m 
sections ground m water, whilst m bone a fibrillar structure may be observed If, 
however, dentine is decalcified with hydrochloric acid in a 10 or 20 per cent solution 
of common salt, one can detect in fine sections, or in thin pieces scraped off with a 
knife, a fibrillar structure In pieces that have been torn off, we sometimes obtain 
the fibrillae isolated. These fibres are exceedingly fine, scarcely more than 5 p 
thick” (the diameter of the dentinal fibril being fiom 1 3 p to 2“5 p). “ On the 

whole they are very similar to those of bone and also to those of fibrous tendinous 
tissues 


“ They swell up in alkalies and acids; they are uniaxial and double-refractive, in 
short, in everything they present the same characteristics as the glue-giving con¬ 
nective tissue fibres. The fibres, as in typical bone, are united into bundles about 
S ( p in diameter, not however arranged in lamellae as m bone. The principal direc- 


Ebh’E'R considers the optical characters of Enamel and its behaviour tinder the action of weak 
evidence of its crystalline character. Von Ebner, ‘ Sitznngsbenchte d Kaiser Akad d 
■ - tWim J 1889 
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tion of the bundles corresponds to the longer axis of the tooth, being by no means, 
however, parallel to it. On the other hand the bundles cross each other, and mostly 
m planes perpendicular to the dentinal tubules ” 

This author also refers to a laminar structure occasionally exhibited here and there 
in carious dentine, but he does not enter on the subject of dentine development or 
refer to any connection between the dentine and the connective tissue of the pulp, 
the appearances he describes, however, m formed dentine after decalcification will, if 
confirmed by other obseivers, go far to establish the truth of the views suggested m 
the present paper 


Description of Plates 36-39 
PLATE 36. 

Fig 1 Human bicuspid tooth at age of ] 4 Transverse section of tooth and" pulp 
prepared by Weil’s method (a) Dentine, (b) layer of tissue “on the 
borderland of calcification ” , (c) odontoblast layer (the nuclei of several 
layers of cells visible), ( w ) the clear zone, with fine fibres, described 
by Dr. Weil, (d) pulp, with cross sections of several blood-vessels 
Magnified 75. 

Fig 2 Human bicuspid tooth, which had been only partially erupted, the apex of 
the root not being completed, (a) The last calcified portion of the dentine, 
(b) the layer described by the same letter in fig. 1 ; this layer is much wider 
in proportion to the dentine than in teeth in later stages of development 
Magnified 250. 

Figs. 3, 4, and 5 Fibres springing from the dentine along the pulp margin of a 
Human bicuspid tooth, longitudinal section These fibres appear to be stiffened 
by calcification m advance of the mass of the dentine. Magnified 350. 

Fig 6 Fibres of the connective tissue of the pulp in continuity with the layer of 
the dentine which has not received its full deposit of lime salts; at the 
apex of the pulp cavity of a bicuspid tooth (Human) longitudinal section. 
Magnified 350 

Fig 7 Human molar tooth softened by caries, showing fibres m the substance of the 
dentine. Magnified 200. 


PLATE 37. 

Fig. 1. Fine fibres in connection with the dentine on one side and the pulp on the 
other, which are here seen to be crowded with cells (or cell nuclei). 
Transverse section of pulp of crown of a bicuspid tooth (Human). Magnified 
230 
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Fig. 2 Human bicuspid Transveise section of the pulp of the crown Processes 
covered with, cells. Large 1 cells lying in the spaces between these fibres, 
which appear to be the nuclei of odontoblasts Magnified 230 

Fig. 3. Human bicuspid tooth with uncompleted root Longitudinal section a short 
distance from the open end of the root (d) Dentine exhibiting indications 
of transverse stnation, with the advancing line of rounded and globulai masses 
of calcoglobulin, (b) the layei on the bolder land of calcification, (e) fine 
fibres of the pulp blending with the last layer of the dentme (i b ), (o) the 
odontoblast layer, not frilly m focus , {p) the pulp, with its fusiform and other 
cells, some of ’which are seen lying among the odontoblasts Magnified 230. 

Fig 4 From a longitudinal section of tooth (incisor) of Hat (. Mus decumctnus ) A 

narrow portion of newly-formed dentine at the glowing base of the tooth. 
(d) Dentme, (b) uncompleted layei of dentine, (/) connective tissue in¬ 
corporated with dentine, and m this position crowded with small cells. 
Magnified 230 

Fig 5 Incisor of Hat ( Mus decumanus), longitudinal section at about the middle of 
the length of the tooth, (d) dentme showing very marked transverse 
striation, the general direction of these strise being slightly oblique, m the 
same direction as the connective tissue fibies of the pulp (jf) incorporated 
with the dentme Magnified 175 

Fig. 6. Cementum from transverse section of Human bicuspid tooth (g) Granular 
layer, (s) fibres of Sharply penetrating the outei layer of the cementum , 
( p ) peridental membrane Heduced from Camera lucida drawmg, x^th oil 
immersion (Powell and Leland) Magnified 500 


PLATE 38 

Fig. 1. Human molar tooth, obhque section. Appearance of a reticulum of fibres at 
the pulp margin of the dentme forming very rounded meshes and studded 
with small round cells Magnified 350 

Fig 2. From transverse section of tusk of Elephant, (a) Ivory, (c) connective 
tissue of the pulp, prepared from a dry pulp (Dr. Miller’s specimen) Mag¬ 
nified 350. 

Fig. 3 Secondary deposit in pulp of Elephant’s tusk, (a) The calcified nodule, 
(g) connective tissue of pulp. Magnified 350 

Fig. 4. Longitudinal section of tooth of Hake (Mevlucius vulgaris), showing at (d) 
vaso-dentine traversed by ( h) blood vessels, (y) layer of connective tissue 
fibres surrounding the pulp Magnified L50 
^ 5* Portion of the same more highly magnified (700 diameters), to show the 
^ " eomective tissue fibres (/), and their relations to the dentme (d), and to the 
pulp and blood-vessels (b) 
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PLATE 39 

Fig 1 Vaso-dentine ( Merlucius vulgaris ), (d) vaso-dentine traversed by blood¬ 
vessels, (c) a layer of cells in close apposition to the dentine Magnified 350 

Fig 2 The same cells more highly magnified Magnified 700 

Fig 3 Some of the same cells at the base of the tooth, exhibiting processes 
Magnified 700 

Fig 4 Fiom a transverse section of tooth of Hake, decalcified (Mr, Tomes’ specimen), 
(d) vaso-dentine splitting into fibres, (c) layer of connective tissue fibres m 
pulp ; (b) a blood-vessel. Magnified 75. 

Fig 5. From the same preparation as fig 4, more highly magnified Magnified 700. 

Description of unpublished Photo-micrographs Deposited with the 

Pidyal Society 

No I 

Fig 1 From a transverse section of a bicuspid tooth (Human), prepared by Weils 
balsam pzocess, stained with borax-carmine (a) Dentine, ( b) tissue “ on 
the boidei-land of calcification”, (c) pulp with odontoblast layer. Magni¬ 
fied 200 diameters, ^-mch objective (Swift) 

Fig. 2 Transverse section of one cornu of the pulp of a young bicuspid tooth (Human). 
Magnified 75 diameters, -|-mch objective , stained with borax carmine. 

No. II 

Process or bundles of fibres which are seen to spring from the dentine (a) and m the 
calcified portion of which they appear incorporated ; from the margin of the 
pulp cavity of a Human bicuspid tooth (age 14), unstained 

Fig 1 Magnified 200 diameters, J-mch objective (Swift). 

Fig. 2. One of the processes more highly magnified, 500 diameters, Powell and 
Leland oil immersion y£ 


No III. 

Other similar bundles from the same preparation Magnified 320 diameters, Zeiss 
apochromatic objective 3 mm., dry. 

No 111a. 

Fig. 1. Similar bundles at apex of pulp cavity. Magnified 320. 

Figs. 2 (magnified 200) and 3 (magnified 75). From tbe middle of the length of the 
tooth. 
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NO IV 

Fig 1 From the margin of the pulp cavity in the crown of a Human bicuspid (age 14) 
(a) Dentine, ( b ) fine fibres between the dentine and the main body of the 
pulp, crowded with nuclei near the dentine Magnified 320 diameters, Zeiss 
apochromatic 3 mm 

Fig 2. Beticular appearance at the margin of the dentine m a Human molar tooth 
(longitudinal section), the dentine is cut obliquely, and viewed from beneath, 
numerous cells are seen upon the septa and lying m the interspaces Magni¬ 
fied 200 di am eters, J-mch objective (Swift) (This preparation is not a 
suitable one for photography and is better represented by the drawing, 
Plate 38, fig 1). 


No V. 

Human bicuspid tooth Transverse section. Showmg piocesses in the pulp (b) 
connected with the dentine (a) and crowded with pells 

Figs 1 and 2. Magnified 200 diameters, J inch (Swift). 

No VI 

Figs. 1 and 2. Human tooth (bicuspid). Longitudinal section close to uncompleted 
apex of growing tooth, (a) Newly calcified dentine showing minute 
transverse markings, more plainly seen m fig, 3 , (b) layer of uncalcified 
matrix (in this young condition of the tooth of great proportional width); 
(c) pulp with large odontoblast and other cells (In the photographs the 
objective has been focussed on the counective processes at the margin of the 
dentine, the odontoblasts bemg slightly out of focus ) Zeiss apochromatic 
3 mm. Magnified 32Q diameters. 

No, VII. 

Figs. 1 and 2, Longitudinal section of incisor tooth of Pat (Mus decumamis), 
(a) Enamel ; (b) dentine, (c) lamination in dentine; (d) connective tissue 
of pulp incorporated in the dentine. Magnified 250 diameters, J-inch 
objective (Swift). 

No. VIII, 

Fig. 1. Transverse section from tusk of Elephant, from a dried specimen, afterwards 
softened and mounted in balsam (Dr. Miller’s specimen), Magnified 320 
diameters. Zeiss apochromatic 3 mm, objective. 
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Fig 2 Pulp-stone or secondary deposit from pulp of same tusk, showing the incoi- 
poration of the connective tissue of the pulp with this tissue {d) Dentine, 
(p) pulp. Magnified 320 diameters, Zeiss apochromatic 3 mm objective 

No. IX 

Vaso-dentine Tooth of Hake (Merlucius vulgaris ) 

Fig 1. Longitudinal section (a) Vascular dentine traversed by blood-vessels, 
(b) layer of connective tissue fibres m contact with the dentme and lining 
the pulp cavity. Magnified 300 diameters, 4 mm apochromatic (Zeiss). 

Fig. 2. From the margin of the pulp cavity at the base of the tooth of a Hake— 
showing cells, many of which have short processes lying upon the pulp 
surface of the dentine (a) Dentine with blood-vessels; (6) cells Magni¬ 
fied 320 diameters, 3 mm apochromatic (Zeiss) 

No. X. 

Fig 1 Appearance of fibres m the substance of the dentine near the pulp cavity m a 
molar tooth (Human) softened by canes Magnified 200 diameters, ^-mch 
objective (Swift) 

Fig 2 Transverse splitting of human tooth at right angles to the tubes, caused by 
the action of formic acid. Magnified 175 diameters, J inch. 

No. XI 

& 

Fig 1 Loot of Human bicuspid, transverse section. (a) Granular layer of 
cementum; ( b ) stained layer showing Sh akpey’s fibres , (c) cells and 

tissue of peridental membrane Magnified 500 diameteis, Powell and 
Leland yq. 

Fig. 2. Transverse markings in the dentine m caries within the zone of decalcifi- 
cation. Magnified 500 diameters, Powell and Leland T6 oil immersion. 
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VIII Conti ibvtions to the Study of the Connection between Chemical Constitution and 

Physiological Action .—Pait II 

By T. Lauder Brukton, MD, F P S , and J Theodore Cash, 31 D , FES 


Received March 2,—Read March 5, 1891 


It is now moi e than four years since this i esearch was begun, and it has necessitated 
such a large number of experiments that, if given m detail, they would fill seveial 
hundred pages, and, theiefoie, only a buef account of the results, with details of a 
few typical expenments, can be given heie 

During the time we have been engaged m this i esearch a great deal of work upon 
the physiological action of aromatic compounds has been done by other observeis, 
but upon tiymg to collate their results, with a view to ainving at some general 
conclusions, it appeared that the conditions under which the various experiments 
have been earned out have differed to such an extent as to render comparison very 
difficult 

In this research we have endeavoured to perform our experiments as nearly as 
possible under the same conditions, so that the results should be comparable We 
have employed bodies of comparatively simple constitution, so that differences m 
then physiological action might be leadily connected with differences m their 
chemical structure. 


Plan of the Research 

The plan of the present research to a certam extent resembles that of our former 
investigations into the action of the compound ammonias 

We have studied 

1st The alterations m action which occur when an atom of hydrogen in benzene is 
replaced by haloid ladicles. 

2nd. The action of the compounds formed when one, two, oi more atoms of 
hydrogen are replaced by alcohol radicles. 

3rd The alterations produced by the introduction of one, two, or three atoms of 
hydroxyl. 

4th The alterations produced by the replacement of one hydrogen atom by the 
radicle N0 2 . 

5th. By the replacement of one hydrogen atom by the amidogsn radicle (NH 2 ) 

%4a 2 30 12.91 
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We have also examined the modifications m the action ot vanous members of the 
series by changes in temperature 


General Results. 

The most marked actions of those membeis of the benzene gioup which we have 
examined were exerted on the spinal cord and brain. The action on the spinal cord 
was indicated by a tendency to tremor and the action on the brain by lethargy. 

We obseived certain differences in the symptoms, both motor and sensory, caused 
by various members of the group We were struck by the fact that the symptoms 
they cause m Frogs bear a certain resemblance to those produced by certain diseases 
of the spinal cord m Man Thus, benzene causes a tremor which seldom occurs but 
when movement is attempted, and m this resembles the tiemoi of disseminated 
sclerosis, whilst monochlorobenzene, monoiodobenzene, and also amidobenzene cause 
the movements to assume a violent slapping character, which reminds one of the 
movements occurring m locomotoi ataxy, a disorder m which the posterior columns of 
the cord are affected. 

Methods 


The methods employed weie — 

1st To examine fully the action of the various substances upon the system 
generally of certain animals (Rats and Frogs being chiefly employed), and 

2nd. To study then* effect m detail upon the brain, spinal cord, nerves, and muscles 
in Frogs, and on the circulation m Cats 

(1st) General Action. 

In the former class of experiments a known quantity of benzene or its compounds 
was injected in a state of emulsion into the dorsal lymph sac of a Frog or under the 
skin of the side of a Rat, and the progress of the poisoning observed 

Of Examining the (2nd, a) Action on the Spinal Cord. 

If it was desired to test the irritability of muscle, spinal cord, and nerve, after the 
toxic symptoms had developed, the animal was decapitated and the various organs 
just mentioned were tested in the following manner —The upper portion of the spinal 
cotd was exposed and stimulated by means of a faradic current of electricity, the 
electrodes employed having platinum tips teiminated by short threads of silk 
moistened in blood serum and resting upon the cord. The _ action of the drug upon 
the excitability of the cord was judged of by the effect which stimulation of the cord 
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(2nd, b and c ) Action on Nerve and Muscle 

The action on the coid having been ascei tamed, a prepaiation of the gastrocnemius 
and the sciatic nerve supplying it was made and placed m a moist chamber for 
examination. The nerve and muscle were then stimulated successively. Con¬ 
tractions lesultmg from single induction shocks weie recorded upon a rapidly moving 
cylinder, and tetanic spasm of the muscle from stimulation by a faiadic cuirent was 
recoided on a slowly revolving cylmdei 

(2nd, d) Blood-Pressure. 

The apparatus employed m the blood-pressure experiments was somewhat com¬ 
plicated, as we endeavoured to arrange it so that we could take a tracing of the 
mean arterial pressure representing a long time m a small space, and yet obtain at any 
moment on a moie lapidly moving surface such a tiacmg as would give an actual 



Fig 1 Diagram to lllustiate the appaiatus used in legistenngtlie blood-pressure, pulse, and respiration 

A is the cannula for insertion into an arteiy B is a Y-tube by which the artery can be put m 
communication either with a meicunal manometei D, or a Fick’s kymograph F, or with both of them at 
the same time C and G' are two clips by which the communication of either or of both manometers 
with the aitery can he shut off at will E is a slowly revolving cylinder on which the mercurial 
manometer registers the blood-pressure G is a rapidly revolving cylmdei on which the Fick’s 
kymograph registers the pulse beats from time to time, and on w’hich the respiration is also registered 

indication of both tbe number and the form of the pulse beats and respirations in a 
given time This was accomplished by.employing a mercurial manometer, which 
wrote on a blackened cylinder having a very slow speed of rotation (once in the hour), 
and m addition to this a Pick's spring manometer^.which wrote upon a. rapidly 
rotating cylinder. These manometers were capable of bemg clamped off from each 





550 


DRS T L BRUNTON AND J T CASH ON THE CONNECTION 


other, and the system of tubes leading to the Fick’s manometer contained a very 
short length of thick walled india-iubbei tubing, m older that tlie foim of the pulse 
wave might be communicated as accurately as possible to the apparatus 

This may be more readily understood by means of the accompanying diagram 
At any time whilst the expenment was m pi ogress, we were able, by clamping oft 
the mercurial manometer and opening the clamp controlling the connection with the 
spring manometer, to obtain a traciDg of the pulse unmasked by oscillation of the 
mercury in the foimer, which we could associate with the slow record by correspond¬ 
ing maiks oi figiues On the lapid drum we also registered the movements of 
respiration by means of a Marey’s tambour, which was connected with a double 
tamboui applied to the walls of the thoiax. 

SECTION I—ACTION OF BENZENE AND SOME OF ITS COMPOUNDS ON FROGS — 
GENERAL SYMPTOMS PRODUCED—ACTION ON SPINAL CORD, MUSCLE, AND 
NERVE 

Action of Benzene C 6 H 6 upon Rctna Tempomria 

The general action cf benzene on Frogs is to pioduce — 

(a ) Lethargy and disinclination to voluntary movement ; 

(b ) Tremoi and jerking, which always occur on movement, and sometimes to a 
slight extent when at rest, 

(c ) Alteration m the response to stimuli, and 
(d ) Subsequent paralysis. 

The alteration m the response to stimuli observed in Fiogs poisoned by benzene 
consists in — 

{a ) Increased sensibility , 

(b ) Diminished local movement, 

(c} General diffusion of movement 

For example, when the toes of a noimal Frog are pressed very lightly, it generally 
happens that no movement occurs at all, or only a slight local movement of the foot 
away from the stimulus In a Frog poisoned by benzene, such a stimulus produces 
tremor, not only in the foot touched but over the body generally, while if the foot is 
withdrawn at all the movement is feeble and tremulous 

t 

Effect of a Small Dose of Benzene. 

If one mimm of benzene he injected mto the dorsal lymph sac of a Frog, no 
marked symptoms are observed for from 15 to 30 minutes. At the end of this time, 
’ it is noticed that the leg, if gently extended, is drawn up with a tremulous 

'Mfvemenk This tremor develops Turther into jerking, which occurs 
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spontaneously and also whenever active movement, such as jumping or rising from 
the dorsal position, is attempted This jeiking may be accompanied by general 
movements of the trunk of a “ ducking” or “ huddling” character There appears 
to be in most cases a temporary but distinct hypersesthesia This condition may 
appear exaggerated by attempted movement provoking tremor of the whole body 
There are periods of complete rest between the attacks of jerking 

This is the usual extent of the symptoms exhibited by Frogs of 30 grms weight 
receiving one drop of benzene 


Effect of Larger Doses 

If a laiger dose be injected, the inability to perform coordinate movement increases 
and at length the animal lies with the legs extended, a mere twitch of the toes and 
lingers only occurring on stimulation of the foot. Later on, the leflex becomes 
localised to the foot stimulated, and is ultimately lost altogether The reflex from 
the eye is long maintained 

Absorption of benzene is slow and irregular, and it has been observed to cause a 
local rigor of muscle which may hinder absorption 

The heart usually continues to beat after reflex movement has ceased, or if it has 
stopped it is found to be still irritable 


Action on Individual Organs 

Destruction of the brain diminishes the jerking because it stops all attempts at 
voluntary movement, but if the Frog be left for a time till reflex movements are 
again active, the movements are to a large degree jerking If the sciatic artery on 
one side be ligatured the jerking and tremor still occur on that side This shows 
that the jerking is not due to a peripheral action of the drug on the motor nerves or 
muscles, but is due chiefly, if not entirely, to its action on the spinal cord The 
jerking may sometimes be less on the ligatured side, but this is, we think, due to the 
effect of stasis m diminishing the irritability of the nerves and muscles on that side, 
although we cannot with ceitamty altogether exclude the possibility of the drug 
having acted as a peripheral stimulus. In a brainless Frog, which has been slightly 
poisoned by benzene, if the upper end of the dorsal cord be exposed and stimulated, 
the consequent contraction of the leg may be found less on the side of the unligatured 
artery than on the side of ligature, indicating that benzene has had a certain 
paralyzing effect on the nerves or muscles of the unligatured leg. 

At a later period, stimulation of the cord is unattended by any contraction of the 
leg muscles on either side. This shows that the excitability of the cord is destroyed 

Stimulation of the nerve itself on the unligatured side yields a feebler contraction 
than on the ligatured, but even in cases of deep poisoning, reaction to some extent is 
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present This shows that either the motor neive or muscle is enfeebled by this 
poison Figs. A and A' 

The curve obtained by directly stimulating the muscle is strong, but often—as in 
the case of indirect stimulation—slightly longer than on the ligatured side. This 
shows that the muscle itself is somewhat enfeebled Figs. B and B'. 

Action of Benzene on Muscle and Nerve 

Decerebrated Fiog neighing 22 guns Iliac vessels ligatured on the light side 2 minims of benzene 
injected mto the dorsal lymph sac Examination of the muscles made 4 hours after the injection 



Eig 2 (A ) Ligatured (empoisoned) leg Cuives obtained by repeated stimulation of neive 



Fig 3 ( A 1 ) TJnhgatured (poisoned) leg Curves obtained by lepeated stimulation of nerve 



't (B ) Ligatured (unpoisoned) leg Cuives obtained by repeated stimulation of muscle directly 



Fig. 5 (B' ) Unbgatured (poisoned) leg Cuives obtained by repeated stimulation of muscle directly 

Tune, 44 uullims =01* 

Tlie function of the heart is but little affected by benzene subcutaneously admini¬ 
stered (Section II). The chief action of the poison is, therefore, on the spinal cord, 

though it has some effect upon the muscle substance, and also upon the terminations 
of motor nerves. 


Alterations in the Action oj Benzene by Heat and Gold, 


$ Jl 


f3g&,$&etof heat is to increase the symptoms at first and then greatly to accelerate 
. <k*n , *W* of paralysis Thus, if a Frog be taken about an hour after the appear 


'* ■''if 1 <•» •; ' 
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ance of tiemor, but while all reflexes are still active, and placed in a hot bath slightly 
below 30° C, m a short tune all reflexes may have completely disappeaied, while a 
control animal subjected to the same experiment still remains active At a tempe- 
ratuie of 30° C the reflex function of the cord of the Frog is suspended * 

Cold has no marked effect on the action of benzene, either m the way of accelerating 
or of retarding its action. 

Expei iment 

Frog Weighing 28 grins Boom Temperature, 63° Fahr. 

One minim of "benzene injected into the dorsal lymph sac 
Weaker Slight tremor on jumping. 

Much txemoi on touching All reflexes “ Ducking ” movements No rigidity 
Cannot crawl Draws the legs up with jerking movement Circulation active Pigment cell 
much contracted Placed in a hot watei hath at 29° C 
In 10 m after immersion reflex had entu ely ceased 
In 15™ „ „ the legs were m a condition of rigid extension 

After removal from hot water, reflex tremor of the anterior extremities, tiunk, and legs occuned 
on irritating the foot On touching the eye, no closure of the eye hut tremor of fore aims 
and abdominal mnscles occurred 
(In benzene poisoning rigidity has been frequently noticed ) 

Result: of Examination of Individual Organs 
Cord still irritable to slight extent. Mnscles of thighs and upper part of gastrocuemius in ngor 

(1.) Replacement oe Hydrogen in Benzene by Haloid Radicles. 

Haloid radicles do not modify the action of benzene to the same extent as they do 
that of ammonia,! hut nevertheless they do produce certain modifications, and in 
somewhat the same directions as we found m onr experiments on ammonia 

This modification is most marked m the case of iodine, whose compounds with 
benzene (like its compounds with ammonia) have a tendency to produce paralysis of 
muscle, of motor nerves, and of cerebral reflexes, without the production of spasm. 
It appears to possess a depressant action on the heart 

Monochlorobenzene appears to affect the spinal cord greatly, causing spasm, and 
reflex action is more rapidly affected than after benzene It diminishes the activity 
of the circulation, but it does not appear to affect motor nerves and muscles more than 
benzene. 

The bromo- and iodo-com pounds appear to differ from benzene and from chloro¬ 
benzene in the more powerful paralysing action which they exert on the cerebrum. 

Weight for weight the chloro-compound is the most lethal, then the bromo-, and 
lastly the lodo-compounds 

* M. Hall, ‘ Roy. Soc Proc.,’ 1831, p. 37 
f Be unton and Cash, * Phil Trans 1884, 
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We shall now record three experiments selected as typical from others made with 
monochlorobenzene—the first at room temperature, the second undei the action ot 
cold, the thiid with heat 

Monochlorobenzene . (C 6 H 5 C1) 

This substance causes m Fiogs weakness, tremor, especially on movement, and inco¬ 
ordination of a ehaiacter which reminds one of locomotor ataxy in Man The circu¬ 
lation is little affected. The pigment cells are contracted 

Experiment 

Rana Tenyporana of 24 grms. weight. 

Nov 3id 

One mi nim of monochlorobenzene was injected mto the dorsal lymph sac Laboratory tempera¬ 
ture 60° P 

45 M After injection. Slight tremulousness, both when attempting movement and when taken up 
87 m . On stimulation of foot both legs thrown out m a u slapping ” fashion, and there is much tremor 
and twitching of the head, limbs, and trunk. Prog crawls slowly and tremulously Cannot 
hop Kicking "with legs is kept up for a long time (once for 20 B ) after stimulation of foot 
100 m It cannot crawl, can only chaw the legs up with great labour and jeikmg. Circulation active 
Pigment cells contracted to balls 
130 m The brain was now destroyed by pegging 

135 m Keflex is recovering, and there is slow withdrawal of the foot with great tremor Tremor and 
some jerking still occur when no stimulation is applied 
24 h Next day it lies with its legs out Any touch of the foot is followed by tremulous movements 
of the feet and hands, but no withdrawal of the leg. 

On decapitating the animal and opening the lymph sac, it was found to contain somo unabsorbed 
monochlorobenzene The spinal coid was now destroyed from above downwards till reflex was almost 
gone Much of spontaneous tremor now lost, hut on pinching toe theie was jerking of both legs 

Action of Cold. 

Cold lessens the action of the substance, reducing the tremor and making the 
movement slower. 

Frog of 25 grms. 

Qk O 01 . One minim of monochlorobenzene was injected mto the dorsal lymph sac after exposure to cold 
(7° 0.) for 25 minutes 

21 m No tremor, but great lethargy If taken out, it crawls forward very slowly, drawing the legs up 
with remarkable slowness 

56“*. Tremor is now distinct, thongh modified by the torpor of cold 
AfK Distinct tremor to some extent, the frog feels markedly cold 

^"1 movements, but does not change its position Is much more normal than the 

Frog (Bilmlarly poisoned) at the room temperature, 60° P 
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146 m As before. Geneial lurching of the body is frequent 
2# All reflexes are present, but slow and tiemulous Jerkings of limbs and lurcbmgs of body 
whilst sitting still On stimulating the foot the leg is withdrawn slowly and with a jerking 
movement Circulation m the web is slow and unsteady. Vessels aie dilated Pigment 
cells conti acted. 

Action of Heat. 

Heat increases the action of the substance, rendering the jerking gieatei at first, 
and then rapidly lessening the reflexes, which are restored again by cold 

Experiment. 

Frog of 27 grms 

0 Jl 0 m One minim of monochlorobenzene -was injected into the doisal lymph sac 
65 m Tremor on movement is now well marked 
Erog was put lato a hot bath at 29° C 

Jerking at first was much inci eased, but soon became reduced 

10 m after immersion reflex is almost entirely gone, but there is still twitching on stimulation of 
foot (Control animal remains active ) Seems to recover somewhat when taken out of the 
bath It was again placed m hot water at 29° C 
20 m A slight tremor of the adductors was the only sign of reflex left 
It was now placed in an ice chamber Temperature, 7° C. 

In 5 m the reflex was much inci eased, some active spontaneous movements likewise occmred 
30 m after being placed in the ice chamber, leflex, though slow from cold, was active in all paits 
Again placed m warm bath 

In 15 m all reflex was completely gone. It was now taken out and covered with ice 

In 5 m it was endeavouring to shake ice off 

In 20 m all reflexes were piesent, it drew its legs up stiongly 

Sits up well All reflexes active and without tremoi Crawls well, does not attempt to hop 
Next morning After being 15 m in bath at 29° C hops and springs well, and has, to a laige extent, 
regained power of movement 

Monobromobenzene (C 6 H 5 Br) 

This compound appears to cause more lethargy and less tremor than chlorobenzene. 

Experiment. 

Frog of 32 grms. 

Qh Qm Injected 1 minim of monobromobenzene mto the dorsal lymph sac 
40“ The springs are only a few inches m extent It hops along the bench if left to itself, but is 
- somewhat lethargic 

55 m On touching the eye there is a start of the whole body. 

85 m It crawls It can only spring from 2 to 3 inches at a time unless much loused There is 
tremor in the limbs and trunk after a spring Tremor is also provoked by tapping over tbe 

4 B 2 



556 


DRS T L BRTTNTON AND J T CASH ON THE CONNECTION 


occiput or along tlie spine A squealing sound occuis at intervals which appears to be due 
to strong contiaction of the abdominal muscles, causing expulsion of air fiom longs 
115 m Circulation m the web is slow but general Eye is prominent Much tremoi m all the limbs 
and trunk on attempting movement, which is now impossible 
180 TO Leg is drawn up weakly ou irritating it Eiog seems, however, to be still hypeiaesthetic 
Some twitching of the muscles is noticed when movement is attempted 
275 m Twitching and fibrillation of muscles on attempting movement, and also, but only to a slight 
extent, when lying still There is no rigid spasm » 

24 h Cannot hop, hut crawls Very tremulous Slow withdiawal of extended leg 
72 h Tremulous on movement, but can take a senes of short hops (2-3 inches), no tremor whilst 
movement not attempted 

Action of Larger Dose (In biief) 
j Experiment 

The brain of a Frog weighing 35 grins was destroyed by pegging The left sciatic artery was 
ligatured The right sciatic plexus was divided 3 minims of monobromobenzene were 
injected into the dorsal lymph sac 

Yery faint reflex on stimulating the left foot by pinching, no other roflex piesent 
As at 45 m Heart still beating 

On stimulating the cord theie was hardly any movement of left leg, and, of course, none of the 
right The curve of contraction on indirect stimulation is somewhat lower and longer fiom 
the muscle poisoned by biomobenzene, than from that protected by the ligature 


Modifying Effect of Cold (m brief). 

i 

Experiment 

Frog of 32 grms. Room Temperature 15° 0. 

7 1 * The Frog was placed m a cold chamber 

3 drops of monobromobenzene were injected into the dorsal lymph sac. 

40 m . The Frog can crawl and hop short distances 

This Frog is much less affected than a control Frog poisoned by the same dose and 
kept at the room temperature. 


(pOm 

45 w 

80 ® 


Modifying Effect of Heat 

Heat may temporarily increase movement, but it lessens tremor and hastens 
disappearance of reflex action 
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Experiment 

Frog of 33 grms was kept for 20 minutes at a Tempeiatuie of 29° C 1 minim 

of Monobromobenzene Injected into Doisal Sac 

10“ Tempeiature maintained Frog is crawling round the vessel There is an occasional poweiful 
extension of both legs Head is “ ducked ” oi depressed for an instant 
15™ Eye-ieflex gonej but the legs aie still diawn up if extended 

30™ Temperature maintained No withdrawal of the foot, and only slight tiemor of the leg on 
pinching the toe Circulation is good, pigment cells are distended (Contiol Frog exposed 
to same tempeiature springs actively ) 

35“ Taken out of bath 

70“ Reflex is returning Leg drawn up There are movements of lespiration 
Put again into the hot chambei at 29° C 
76“ Reflex has totally disappeared 

Condition of circulation, spinal, coid , net ue, and muscles 
The Frog was now decapitated and examined 

Heait was beating Stimulation of the upper pait of the doisal cord causes moderate contraction of 
the gastrocnemias This shows that the conducting power of the spinal cord is not destroyed 

The curves obtained fiom direct and indirect stimulation of this muscle aie good, though the altitude 
is somewhat reduced and the duration slightly increased 

Monoiodobenzene. (C G H 6 I) 

Monoiodobenzene causes lethargy with some increase of leflex Tremor occurs on 
movement, and spontaneous movements become much less sustained 

Experiment 

* 

0 h 0“ Room temperature 65° F Half a drop of monoiodobenzene was injected into the doisal lymph 
sac of a Frog weighing 36 grms 
35“ after injection Lethargic, but springs well 
80“ Springs strongly if roused, is torpid 

120“ Legs are thrown out in a wild slapping fashion, extension is strong, but rather spasmodic 
155“ On stimulation it gives a few active springing movements, which are tremulous and unsustained, 
and only move the animal a few inches 

195“ Is now very tremulous on attempting movement, but not so when resting 

240“ Still springs 1-2 inches "Very tremulous Twitching of muscles occasionally noticed. Eyes 
protruded m breathing 

24* 1 Lies on belly Withdraws legs slowly, but cau hardly move, great tremor 

72 b But little tremor now noticed, can hop repeatedly each movement very short, ^ e, 2-3 inches 
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Monoiodobenzene. 

Experiment 

(jii 0 m 2 minims of monoiodobenzene were injected into the dorsal lymph sac of a Fiog weighing 
20 grms 

5 m Restless Breathing acceleiated 
8 m Quieter 

29 m Quiet and lethargic If loused it is slightly tremulous 

43 m Reflex is incieased Still lethaigic Spung is slioit and ti emulous 

68 m Reflex still increased All movements vei y tremulous Legs he flat on the bench, the position 
of animal is low It still diaws its legs up if they are extended When placed on its back, 
it can move round to the ventral position, but only with great effort 
223 IU Still draws leg partially up, but veiy tremulously When placed on its back it tries to get 
round, but the only result is a twitching of the muscles of the limbs and trunk Eye leflex 
still present 

278 m Condition the same Heart acceleiated 

24 k No respiration No reflex of any kind, but when the Frog is placed on its back there is a faint 
tremor of fore limbs 

Id another experiment the brain was destroyed m the first instance, the iliac 
vessels were ligatured on one side and 2 minims of monoiodobenzene were injected. 
The cord was destroyed just when the reflex movement of the ligatured leg was 
disappearing, the unligatured leg had ceased to respond some time before. During 
the destruction of the cord there was a twitch of the leg, the vessels of which had 
been ligatured. All the muscles were dark red and injected, excepting those of the 
ligatured limb Tetanus of the gastrocnemius on the poisoned side on stimulation of 
the nerve was weak and broken The muscle reacted more strongly to direct stimu¬ 
lation, but the contraction still was less active than that of the companion muscle on 
the ligatured side. 


(2.) Modification of the Action of Benzene (C 6 H c ) by Replacement of one 

atom of Hydrogen by an Alcohol Radicle. 

The introduction of alcohol radicles into benzene in place of hydrogen appears to 
modify its action m much the same way as one would expect fiom a general considera¬ 
tion of the properties of the alcohol group, which, as a rule, have a sedative action on 
the nervous system. 

The compounds of benzene with alcohol radicles produce less tremor, less hyper¬ 
esthesia, and greater lethargy than the halogen compounds 

The circulation is but little affected by them. 

These compounds, like the halogen compounds already discussed, exercise little 
action on muscle and nerve, but where an effect is observed it is greater on the nerve 
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The action of the alkyl compounds of benzene appears to he much moie fleeting 
than that of the haloid compounds, the effect of the former geneially passing off m 
24 hours, while that of the latter often lasts two days or more. 

In the case of methylbenzene, C G H 5 CH 3 , a secondary increase of reflex action is 
sometimes observed after the reflexes have become greatly diminished and after 
spontaneous movement has quite disappeared. We have not yet been able to deter¬ 
mine whether this is due to a paralysis of inhibitory centres in the brain, or to 
decomposition of the methylbenzene molecule with liberation m the organism of some 
product of its decomposition, having an exciting action, or whether it may be due to 
some other cause than these 

This secondary increase m the reflex action of the cord is of some interest, inasmuch 
as a similar phenomenon, though much greater m extent, has been noticed by Fraser 
in the case of atropine A further analogy between methylbenzene and atropine was 
observed m one case in which, after reflex action had become greatly diminished, 
convulsions of the fore legs with a ceitam degree of gaping and opisthotonos occurred 
m a Frog poisoned by methylbenzene 

We shall illustrate the action of this diug by the notes of two selected cases of 
poisoning, m one of which the convulsive symptoms followed the course we have just 
descnbed 


Methylbenzene C G H 6 CH 3 ( Toluene ) 

Produces gradual failure of voluntary movement and reflex, accompanied by little 
or no tremor, occasionally convulsive movements of limbs and trunk occur. 

Experiment 

Frog of 38 grins Temperature 78° F. 

Oil Qm i numm methylbenzene was injected into the dorsal lymph sae 

27 m . Rather restless Head rather dorsiflexed for a few seconds 

35 m . If undisturbed will remain for a considerable time m one position All reflexes are lmpaned, 
especially the eye reflex Respirations 108 per minute 

50 m Can spring if roused, but is generally perfectly still, will sometimes lie a considerable time with 
legs extended 

53 m Moving about spontaneously 

65 m Has had several attacks of convulsive extension of fore legs with throwing back of head and 
gaping, which have resulted m the body beiug propelled backwards The left leg is slightly 
extended, the right quiescent. 

80 m Lies with the legs in any position Spasm not provoked by touching bell jar covering it, or by 
striking the bench, but occurs on pinching the foot. 

125 m Circulation m the left web is very active There is still some spasm in the fore arm All 
reflexes are piesent to some degree, though the eye reflex is much impaired 
24 h No tremor nor abnormality, except that the spring is short 
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Methylbenzene 

Expenment. 

Decerebrated Frog of 32 grins. Right Iliac Artery ligatured. Room Temperatuie, 

69° F 

0 h 0®. 2 mimms of methylbenzene were injected into the dorsal lymph sac 
10 m . All leg reflexes are present Theie is no tremor, Erog diaws the leg up well 
31 m No tremor, it lies with its legs half extended Both legs are drawn up on touching, but more 
strongly on the hgatured side 

71 m All reflexes are gone Circulation m the left web is decidedly good, the pigment cells are 
contracted There is a very faint caidiac impulse still, just causing cudilation m light 
web 

Condition of Spinal Gold, Nerves , and Muscles 

Distance of secondary from primary coil, 12 eentims No contraction on stimulation of cord At 
10 eentims there is a twitch of both feet 8 eentims tetanus of both legs (all tissues divided but the 
nerves) No contraction to speak of from nerve on the ligatured side, which seems exhausted hy the few 
contractions caused hy stimulation of the cord On direct stimulation of the muscle tetanus occuired at 
16 eentims 

Unligatured Leg 

There is no tetanus from the nerve, muscle tetanus with coil at 13 eentims 

This case, therefore, shows relatively little or no affection of muscle The nervous 
tissue is evidently the seat of the poisoning 


Action of Dimethylbemene. C 6 H 4 2(CH 3 ) 

Its action closely resembles that of the compound last descubed There is, perhaps, 
a little more tendency to tremor occasionally manifested. The heart is but little 
affected. The result of stimulation of nerve and muscle is the same as m methyl- 
benzene. The only result observable on the day after injection is slight lethargy and 
a less vigorous spring than was executed before the administration of the drug 

- Expenmeiit. 

* 

Frog of 32 grms 

Qk 0®. 15 minims of dimethyl benzene were injected into the dorsal lymph sac 
5®. Breathing rapid Restlessness 

32®. Spring short and weak, no tremor. Can get off its back 

52.® Bye protruded, no longer closed on touching All reflexes are present Legs drawn up rather 
jerkily, cannot get off back 

'P* 11 twitch on Punching foot This is often, however, a meie fibrillation, with no true 
- • y movement of the limb. 

. Circulation active Pigment cells contracted 
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Condition of Coicl., Neives , and Muscles. 

On stimulating tlie upper end of cord there is a very faint twitch of the legs Stimulation of the 
sciatic nerve gives a stionger contraction Direct stimulation of the muscle causes more vigoious 
contraction Heait heating strongly 


After a dose such, as 1 5 minims, or even twice as much, has been admmisteied to a 
medium-sized Frog, recovery usually takes place. In 24 hours, except for a little 
weakness and lethargy, the animal is scarcely to be separated from a noimal Frog 
There is no tremor When equal doses of this and the preceding compound are 
severally administered to two Frogs of equal size, the action produced by the 
dimethylbenzene appears to be the stronger. 


T) imethylbenzene C 6 H 3 3(CH S ) (Mesitylene ) 

This substance appears to be the most active of the methyl compounds which we 
have investigated The eye reflex is lost comparatively early, and, after a dose of 
1 5 minims, all body leflex frequently disappears within an hour After the eye 
reflex is lost, touching the conjunctiva not unfrequently causes movement of the 
limbs 

Experiment 
Fhog of 32 grms 

0 k 0 m Injected 2 minims of trimethylbenzol under skin of belly 
15 m If laid on its belly, will lie still with the legs m any position If put on its back, it may still 
make efforts to change its position, but they are not persisted in No closure of eye on 
touching, but if touched there is extension of both legs All circulation has ceased m web 
No reflex on pinching, but occasionally 4-5 spontaneous extensions 
60 m All reflex is quite gone 

Condition of the Coid , Nerves , and Muscles 

On stimulating the cord there is feeble tetanus of both legs, which seems rather stronger in the 
ligatured On the unligatured side nerve tetanus is moderately good with undulations Muscle tetanus 
is less good, probably owing to exhaustion from previons stimulation tbiough the neive. On the 
unligatured side both nerve and muscle tetanus are as extensive when commencing as on the ligatured 
side, but are not so sustained 

(Circulation ceased early ) 

The comparatively early cessation of reflex was noticed m almost all cases of 
poisoning by this drag. 

Thus, one Frog of 48 grms. received 1 5 drops and another of 32 grms 2 drops of 
trimethylbenzene Reflex was gone in the former in 80 minutes, in the lattei m 
60 minutes. (Detailed results of reflex experiments are given in the next section ) 
mdccoxci —b - 4 c 
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Ethylbenzene C 6 H 5 C 3 H 5 . 

This substance is more active m causing paralysis than the methyl or dimethyl 
compounds } a slight degree of jerking may develop on attempting movement 

If one minim of ethylbenzene be mjected into the dorsal lymph sac of a Frog of 30 
to 35 gums weight, 

In 30 m The fiog appeals to be weaker, but, if roused, may give a series of short 
slapping extensions of legs, which move the animal but a very short 
distance 

„ 50 m The ability to spring declines, attempts at crawling still occasionally occur. 

There is increasing apathy. No twitching whilst at rest, but muscular 
movements are rather jerking owing to failure of centres (nervous). Frog 
lies with legs out, but still starts if touched. Eye reflex persists as long 
as limb reflexes. 

w 100 m . All reflex usually ceases, that m arms generally outlasting that m legs 
Very occasionally a slight spontaneous start of legs occurs after all reflex 
has ceased. 

Sometimes touching the eye may cause twitch of toes when all stimulation 
of foot is moperative to cause reflex. 

If the iliac artery be ligatured in a brainless Frog, the reflexes may appear 
rather more strongly on this side, but not invariably so, as often no 
difference is discernible. 

The heart is usually found beating slowly, the ventricle is pale, and 
contracts imperfectly. 

The circulation in the web may, however, cease at the same time as the 
reflex (as m one case 103 minutes after poisoning), 

Stimulation of the cord (brachial) usually gives only a feeble contraction 
of both legs, not amounting to a tetanus. 

In one case, 103 minutes after one minim of ethylbenzene, the cord was 
completely paralysed. In two other cases, when the poisoning took 
longer (150 minutes and 154 minutes), and a faint twitch still persisted 
as reflex, a distinct tetanus was obtained 

If the iliac artery be ligatured on one side and poisoning carried to the 
abolition of reflex, the tetanus from the sciatic of the unligatured side is 
usually feeble or very feeble; tbat of tbe muscle is much stronger, but 
still somewhat impaired m contrast with the ligatured side. 

In one case, after all reflex had gone, the cord stdl yielded tetanus without 

marked alteration in reaction from nerve and muscle on the unligatured 
« Side* 
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Action of Ethylbenzene on Mnscle and. Neive 

Decerebrated Frog. Left iliac vessels ligatnred 1 minim of ethylbenzene injected into the dorsal 

lymph sac 

m 

Urijpoisonecl 
Nerve or 
Muscle 


P ] g 6. (a) Ligatnred ( unpoisoned ) leg Twenty maximal stimulations of the sciatic nerve gave tho 
above curves Direct stimulation of the mnscle gave similar curves 




Poisoned 

Muscle 


Poisoned 

Nerve 


Eig 7 (b) Unligatured {'poisoned') leg Twenty maximal stimulations of the nerve gave the lower of 
these two series Twenty maximal stimulations of the poisoned mnscle directly gave the upper senes 

Time 44 millims equal to 0 I s 


Experiment. 

Frog- of 35 grms 

Oil 0 m One minim of ethylbenzene injected into the dorsal lymph sac 
43 m If touched sharply will spring six or eight times very rapidly Spring is very short, but often 
repeated, and gives an appearance of great haste with but little progress 
81 m Cannot spring, but extension of legs is sharp and slapping, lies with legs out, no tremor or 
jerking, starts when touched; hypereesthetic. 

103 m Reflex rapidly failing 

140 m All reflex quite gone, except slight tremor of foot on touching eye 

Condition of Cord, Nerve, and Muscles 

Stimulation of the cord gives a very feeble twitch of legs, bnt no trne tetanus. On stimulation of the 
sciatic nerve the contraction is stronger, bnt still weak. Contraction from direct stimulation is very 
much stronger. Heart beating slowly, systole imperfect 


4 C 2 
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Tabulae ‘Viev? of the Compaiative Action of Benzene and its Haloid and Alkyl Compounds—(continued) 
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(3) Benzene with Hydrogen Replaced by Hydroxyl (OH) 

The introduction of the hydroxyl group in place of hydrogen increases the tendency 
to conv uls ions. These convulsions aie due to the action of the drugs on the spinal 
cord, occur independently of voluntary movement, except when the dose is very 
small, and continue almost unchanged after destruction of the cerebrum Slight 
tremor may occur before destruction of the brain, but is greatly masked by the 
powerful contractions referred to. Fibrillation to a limited extent is seen after the 
brain is destioyed The action of the compounds containing hydroxyl differs with 
the number of atoms of hydroxyl present and their position m the benzene molecule. 

In the case of monoxybenzene (phenol) the substance is identical whichever the 
caibon atom may be to which the OH group is attached m the benzene nucleus 

Experiments on this substance are so numerous that we have not recorded any 
here 


Dioxy- and Tnoxybenzene. 

In the case of dioxybenzene there are three substances, ortho-, meta-, and para- 
dioxybenzene, having the hydroxyl groups m the positions 1 2, 1:3, and 1 :4 
respectively. The ortho-compound is usually known as pyrocatechm, the meta- as 
resorcin, and the para- as hydioqumone. 

We may anticipate our description of the action of the one of these bodies— 
resorcin—by saying that its action, though differing in degree, is very similar in kind 
to pyrocateehin and hydroqumone, as was also clearly shown by Brieger*. When 
*002 to 003 grm of the salt dissolved m a drop of distilled water is injected under 
the skin of the back of a Frog, m two minutes there is a certain amount of jerking 
observed in all the movements of the animal. This jerking rapidly extends to all the 
limbs and to the muscles of the trunk, so that in four to five minutes it has become 
universal There is an occasional very short pause between the clonic movements, 
and not unfrequently at the commencement of their occurrence the animal emits a 
squealing cry indicating the involuntary expulsion of air through the larynx as a 
result of abdominal muscular compression. There is often gaping of the lower jaw. 
Befiex movement is ir creased for a time. Breathing laboured. 

If the animal is confined under a funnel or bell jar open at the top the vessel 
becomes covered internally with foam In ten to fifteen minutes the jerking move¬ 
ments become continuous, that is to say, not that they alter their individual character, 
hut that they do not show any lasting intermission or rest pauses. 

*The animal is unable at the m a xim um of this condition to perform, any coordinate 

Anal a, Physiol.’ (Supp.-Band 1879), and ‘ OentralbH- f, d. Med. Wiss.,' 1880. 
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movement, whilst at an early period m the action of the drug all attempts at 
movement at once provoke and increase the clonus. 

The jerking stage may last from one to five hours, or even longer. In the case of 
small doses it continues longer than after larger doses, which tend to cause paralysis 
During this paralysis or semi-paralysis the extended legs are no longer drawn up on 
stimulating, though from a slight thrusting-out movement the reflex function of the 
cord evidently exists to some extent There is more reflex activity m the anterior 
part of the cord than in the posterior part, occasional twitchings of individual muscles 
or groups of muscles still take place, but these are fainter than before, and scarcely 
affect the position of the limbs. 

[Recovery may occur, though it is rare, excepting in the case of large Fiogs, after 
003 grm has been injected, but with smaller doses, before this paralytic condition 
has developed far, or after it has done so, the return to voluntary movement is often 
surprisingly rapid, though for some time jerkmgs and twitchings occur. 

More usually the paralysis increases, and the legs remam extended in a semi-ngid 
condition, when all sign of life has disappeared 

If the dose administered hypodermically is as small as *00025 grm, veiy definite 
symptoms still appear m the case of small Frogs of 15 grms weight The power of 
voluntary movement is retained, but all movements become tremulous and jerking, 
and there is some tremor and incoordinate muscular contraction when the animal is 
not making any effort to move The spring remains fairly strong, and slight hyper- 
sesthesia is to be recognized 

In the course of seven or eight hours after the injection the animal is again 
practically normal. We have observed curious variations of reaction of individual 
Frogs equal m size, and which had been kept under exactly similar circumstances, 
towards resorcin, one animal appearmg sometimes to be readily influenced by half 
the dose which produced little effect upon another. 

Larger doses than 3 mg accelerate the twitching and paralytic stage, absorption 
occurring readily 

Complete flaccidity with loss of all movement takes place. On destroying the 
brain and upper part of cord there may be total quiescence of all the muscles of the 
limbs and trunk during the operation, and frequently strong stimulation of the cord 
also fails to cause contraction. This shows that the power of the cord to conduct 
longitudinally is destroyed The heart is generally arrested m diastole, but usually 
remains irritable, contracting two or three times after each mechanical stimulation. 

In advanced poisoning, which has not, however, taken place too rapidly, the 
function of the motor nerves is much impaired, and frequently that of the muscles 
also, and direct stimulation produces a stronger contraction than indirect. 

The noticeable feature in the poisoni ng by dioxybenzene is the rapid development 
of muscular contractions, often occurring at very regular intervals of time, not passing 
* into a tonic or tetanic contraction 
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This movement has its origin m the cord The action of the ding eventually 
destroys the power of the cord to manifest increased leflex irritability by tetanic 
spasm when strychnine is injected, provided that this injection succeeds the full 
development of the symptoms produced by resorcin. If these, however, aie but 
partially developed, tonic spasm results after strychnine Curare injected nito the 
dorsal sac abolishes these movements, the disappearance being noted first m the 
unligatured and later in the ligatured leg 


Dioxybenzene 1 3 (Resorcin ) 

Action on Frog 
Experiment 
Frog of 24 grms 

0 h 0 m Injected 002 gim dissolved m salt solution under skin of back 
6 m Restless Slight jeikmg 
8 m Jerking active and univeisal on movement 

12 m Sho: t pauses only between jeikmg spasms Frequent squeal Reflex irritability is increased 
Bieatkmg laboured Gaping 

24 m Much fioth round funnel fiom constant movement of animal Twitching and fibrillation of 
muscles 

l h Does not leave position, limbs chiefly m extcusion Jerking almost continuous 
S h . Jerking diminished More successful effort at spontaneous movement From this time 
improvement lapidly occurred. 


Experiment (in bnet) 

Frog of 15 gims weight 

Injected 002 grm 

Movements are distinctly ti emulous Restlessness 

Jerking of head, tiunk, and limbs, legs flat at side of body, the animal lestmg on its ventral 
surface throughout Froth in. jar Cannot direct spring This animal is far more affected 
than a Fiog which has received twice the dose of tnoxybenzene 

Legs extended, and if pushed up revert to this position Also thiust out from time to time 
Movements getting feebler, heart still beating No distinct eye reflex, but on touching eye 
there is a twitch of the rest of body 

No eye ioflex, legs out Feebler movement of trunk and leg muscles still continue Increased 
by stimulation and by putting in dorsal position. Heart beating 

No marked change of condition hut twitching is now very feeble 


0 ,l (J m 

8 m 

17m 

37® 

67 m 

267 m . 


4 D 
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Expenment 
Frog of 18 grms 

0 h 0 m Injected 003 grm lesorcin into antenoi lymph sac 

5 m Violent jerking Ducking and squeaking now present (from contractions of abdominal muscles) 
Frequent extension of limbs Movement constant 

15 m All eye reflex is gone Legs extended, there is twitching of groups of muscles, but the legs are 
but little moved 

65 m There aie still twitchmgs of muscles but legs are not moved 
120 m All jeikmg ceased, legs appeal to be m semi-ngoi and yield no response to eleetucal stimulation 

Action on the Nerves and Muscles —■Resorcin is shown, by the rigor which occurs, 
to be a musculai poison, but it appears to weaken the peripheral terminations of motor 
nei ves before affecting the muscles. This is shown by the following experiments. 

If the brain is destroyed m the first instance and the iliac vessels on one side 
ligatured, reflex movement continues for a time more active upon the side of ligature, 
and the leg of that side reacts more powerfully to stimulation of the other, than the 
latter does itself. 

The tetanus which the muscle yields on the unligatured side is feebler than on the 
other, the difference being more marked for indirect than for direct stimulation. 


Tnoxybenzene C 6 H s (OH) 3 1 • 2 • 3 (Pyrogalhc Acid ) (Pyrogallol .) 

This substance we found to differ decidedly, m its action towards Frogs, from 
resorcin. But the symptoms produced by it are not merely different in degree, 
but also in character 

The tendency to the production of spontaneous rhythmical movements, which is 
so strong in the case of resorcm, is here much less marked. If, after a dose of 
*003 grm. has been injected an hour, the legs be gently extended, they are still drawn 
up, though with a somewhat tremulous movement. But little tremor or spontaneous 
jerking occurs if the Frog is not touched. Even when the brain is intact, there is not 
the same restlessness but rather a lethargic state, during which all reflexes are 
preserved for a time and then disappear, the eye reflex and that from the foie limbs 
being the first to go. 

One of the most striking differences between resorcin and pyrogallol is that 
the former produces severe symptoms at first, from which the animal partially 
recovers, while the latter produces slighter symptoms at first but afterwards kills. 
(Thus an animal, poisoned by resorcin, may at first appear as if it would certainly die 
and yet recovers, while another poisoned with pyrogallic acid, may Beem so little affected 
^ thinks it is in no danger; and yet it will be found dead next morning.) 

'ten pf the cord does not appear to be quite so rapidly aud profoundly 
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affected as in the case of resorcin, but the nerve was equally nnpaned m function 
The muscle curve was usually well maintained but somewhat less extensive than 
before 

Whilst the immediate effects of the drug aie much less marked than m the case of 
resorcin, it is certain that doses of over 002, though actmg slowly, produce a highly 
deleterious effect on nutrition, as aftei them on the succeeding morning the animal 
was often found dead 

According to Judell, Personne. and Zeisser, the death in warm-blooded animals 
is due m large dose to action on the central nervous system, m smaller dose to 
the solution which is effected of the red blood corpuscles 


Experiment. 

Effect of a Small Dose of Pyrogallol. Frog of 15 gims weight 

0^0“ Injected 001 grin trioxybenzol (1 2 3, pyrogallol) 

10 m Restless Movements rather tremulous 

15 m Springs well But tremor on movement 

35 m Reflex is mcieased Theie is no “ huddling ” movement 

65 m Is lethargic, but reflex increased Theie is slight “squatting ” or “huddling” movement 
occasionally 

185 m . Spring rather short Lethargic, tremulous on movement, but not when at rest Reflex 
increased 

■300“ Tremor less Decidedly lethargic 
Next day, perfectly normal 


Experiment. 

Effect of a Moderate Dose of Pyrogallol Frog of 15 gims 

0 h 0 m Injected 002 grm pyrogallol into doisal lymph sac 
7 m Restless Movements somewhat tremulous 

29 m Crawls stiffly and with a little tremor Spnngs, Has slight “ hunching ” or ducking moi ement 
of head No foam m jar 

42 m Sitting np, spnngs well, though especially after movement there is tremor and “hunching” 
with bending of head , closure of eyes, apathetic 

72 m . Crawls stiffly, more tremulous Very little ducking or tremor when not attempting movement 
Reflex is increased, striking bench originates movements Gets off back with perfect ease 
Is apathetic. 

232 m , Condition continues much as at last report It is only on movement that tremor and ducking 
occur. Spring short Reflex increases Is apathetic 

353 m . Crawls well if roused and with less tremor, but is apathetic No jerking if at rest 
Next morning the animal was dead 
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Experiment 

Effect of a Large Dose of Pyrogallol 
Frog of 15 gnus 

0 h 0 m Injected 0075 grin pyrogallol into cloisal lymph sac 
4 m Restless Movements already tremulous 

ll m If roused mak es rapid and violent series of springs, lint only pi ogresses 1-1 mcli at each, move¬ 
ment After movement some mvoluntaiy extensions of legs and ducking of head 
21“ Resting on ventral surface Rarely starting occuis Reflex is increased Is lethargic Legs 
drawn up to body, and do not show rhythmical extensions as in case of dioxybenzol Still 
sprmgs short distance, but feebly 

54 m Sits -with head raised, and shows but rarely jeikmg or starting except when roused, can still 
ci awl 

Cannot resume ventral position if placed on hack 
105 m Weak, lethargic 

160 m Ducks and starts if roused Reflex is increased 
275 m Cannot get off hack Much jerking if roused 

400 m Lies on belly, legs drawn up Attempts to spring, but baldly moves body Cannot use from 
back 

Next morning was dead 

Experiment 

Action of Pyrogallol on the Spinal Cord, Nerves, and Muscles 

A brainless Frog with vessels ligatuied m right leg About 012 grin mjected into lympli sac 
After all reflex had entirely ceased the cord was exposed and stimulated by a faiadic cui rent It was 
found that at 15 centime distance of the secondary coil there was jerk of the right leg, and that on 
approximating the coil to 10 centims there was distinct tetanus on this side The left leg, which had been 
exposed to the action of poiBon, was not moved till the coil was more nearly approximated (3 centims ) 
The tetanus of the ligatured leg was distinctly better than that of the unligatuied from mdnect, and 
slightly better from direct, stimulation 

(In testing the effect of medullary stimulation, all the tissues connecting the legs with the trunk were 
divided excepting the sciatic neives ) 

Comparison between the Activity of Resorcin and Pyrogallol 

In Frogs the activity of pyrogallol in the production of immediate symptoms 
appears to be only one-quarter to one-fifth as great as that of resorcin, ultimately, 
however, it is almost exactly equal m its lethal effect 

Action of Amidobenzene. 

Amidobemene. 0 6 H 6 .NH s . ( Amlin ) 

action of benzene, in which one atom of hydrogen has been 
> we must remember that this substance, viz,, and in, is capable 
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of being regarded fioin two points of view (a) as amidobenzene, or benzene m which 
one atom of hydrogen is replaced by amidogen, NH 2 , or (5) as phenylamme, i.e , 
ammonia (NH 3 ), in which one atom of hydrogen is replaced by phenyl (C 6 H 5 ) 

In correspondence with this constitution we find that we may legald the symptoms 
produced by it either as those (a) of benzene modified by amidogen, or (b) of ammonia 
modified by benzene. Thus we find the symptoms differ from those of benzene and 
resemble those produced by ammonia, in the tendency to more violent spasm and to 
greater paralysis of muscle and nerve They differ from those of ammonia in the fact 
that the convulsions never assume the form of true tetanus, the tetanic spasm which 
the ammonia group would produce being broken up, so to speak, by the action of the 
phenyl 

As contrasted with the compounds already discussed, with exception of the 
hydroxyl compounds, it will be at once apparent that the accession of symptoms 
produced by the action of amidobenzene is decidedly moie rapid Within 5 to 7 
minutes of subcutaneous administration a distinct muscular twitching with mcooidi- 
nation of movement makes its appearance The movement^, whilst in the main 
purposeless and frequently confined to one side, have sometimes a regular speed of 
recurrence, oue foim of motion being repeated again and again at short mteivals 
Occasionally the thrusting out and flexion of one leg may cease and the corresponding 
limb will take up the same action and repeat the movement at a s imil ar rate Less 
frequently a group of movements more distinctly coordinate occurs, usually those 
observed m swimming, and they may persist foi several minutes The eye reflex 
appears usually to outlast limb reflex. 

As the notes of the case quoted show, the longitudinal conduction of the cord is 
evidently diminished, and the effects of nervous stimulation are relatively to those of 
direct (muscular) stimulation greatly lessened, though the muscle is itself considerably 
affected by the poison. 

It ■was evident from the examination of other animals which had not been so 
completely poisoned, that, even if the initial stimulation of the nerve yielded a 
moderately good contraction whether stimulation was repeated once or twenty time3 
per second, the succeeding contractions became feeble and the muscle soon ceased to 
respond altogether to indirect stimulation 

When decerebration and ligature of the iliac artery had been practised before the 
introduction of the poison, it was found that reaction of the corresponding limb both 
to direct and indirect stimulation was stronger than on the side to which the poison 
had access by the circulation (Fig. 9, A, A'.) 

At the same time tremor was observed m the ligatured leg, evidently as a result of 
central action of the drug, and the reflex from it was not longer maintained than on 
the unligatured side. 
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Eig 9 Action of Amidobenzene (Amlin) on Muscle and Herve 

A 

A 


B 


/ 

B 


A, tetanus from nnligatured (poisoned) leg by direct stimulation foi 5 s 

A' „ „ „ indirect „ „ (u, stimulation of nerve) 

B, thirty contractions at intervals of 2 s from direct stimulation 

B' „ , „ indirect „ 

The Erog weighed 30 grins It was decerebrated, the left iliac vessels ligatured, and 1 minim of 
amidobenzene injected into tbe dorsal lymph sac The examination was made after 2 U B and B' 
were taken before A and A' The ligatuied (unpoisoned) muscle gave on both dn ect and indirect 
stimulation a much more poweiful and sustained contraction on tetamsmg, and the curve from 
single induction shocks did not elongate and fall m altitude as on the poisoned side (B') 



11*63* 

Igh gm 

7“*. 


26“ 


40“ 
1 * 0 “ 

15 ?“ 


Experiment 

Action of a Small Dose of Amidobenzene (Amlin ) 

Frog- of 45 grms 


Injected one minim of anibn into the dorsal sac 
Active, but movements are tremulous, occasional quack 

Head tends to bend forward with jerk All movements are now very tremulous Moves 
round m circle, quacks Ho springing spontaneously, but, if stirred, can still spring three 
on four inches Breathing more laboured. 

Spasm chiefly m muscles of trunk at present Crawling movement slow and tiemulous, 
seems to feel ground with feet before resting on them Still tends to creep round m circle 
Gan still spring five or six inches with great effort Legs are drawn up slowly, and there is 
great trembling on alighting The body gives a lurch when table is struck, but no tetanus 
Quiet All limbs drawn up normally Seems more sensitive to cutaneous s tim ulation 
Quiet Tremor on movement of body Circumrotation By rapidly approaching an object 
towards the eye, tremor of the whole body was produced, with or without a quack 
drawling is very slow and tremulous, and occasional spring of three to six inches 
^ I(K Ho further symptoms. Crawl very tremulous, hut stronger 
t , Ho, do 

: ftops better ; is less tremulous 
ituferning, perfectly normal 
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Experiment 
Medium Dose 

Frog of 29 gims. Room Temperature, 63° F. 

Oh 0 m Injected two minims amidobenzene into dorsal sac 

7 111 Hmd legs sprawl, toes spread out Twitchings m muscles Appears more paralysed m foie 
than hind legs Breathing laboured and accompanied by protrusion of eyes Leg at 
once drawn up if extended and gently touched Stinking the bench on which the Prog rests 
proyokes tremor of legs and all body 

25 m One leg extended, with twitchings and separation of toes, but devoid of rigidity The other leg 
and arm only show movements and twitchings, which are incessant Eye reflex still present 
(There is more movement here than m any other of the senes ) 

27 m Alternate extension and drawing up of right and left legs, as if in crawling, bnt no progress 
is made All movements are very jeiking 

33 m Extremely active waving of aims, thrusting out of legs and jerking of body set in without 
any true tetanus, lasted 2~3 m After this, slower swimming movements, which lasted 15-20 m 
Thereafter movement (spontaneous) declined 

137 m Legs yield no reflex now Arms faint reflex Eye reflex still present Occasional spontaneous 
contractions of muscles of trunk and extremities still occur 
Examined Theie appears a slight coagulation at one part of dorsal sac 

Tetanic stimulation of cord produces a hardly observable effect Stimulation of the nerve gives 
broken tetanus Faiadisation of the muscles gives sustained but small tetanic contraction The muscle 
gives a feeble curve 


Nitrobenzene (Mono) 

We have examined the action, of only one nitrobenzene, namely the mononitro¬ 
benzene, C 6 H 5 (N0 2 ) 

Its action upon Frogs is that of causing lethargy, with increasing tremor on move¬ 
ment The power of voluntary movement disappears, touching the foot, however, 
may cause tremor of limbs. 

Even when the Frog shows no reflex of any kind, a series of jerking movements of 
the legs may he made, apparently spontaneously, and these may be accompanied by 
muscular fibrillation 

The circulation m the web is slow and feeble, the pigment cells contracted. 

Recovery may occur from this condition. 

In 24 hours there is ability to crawl for a short distance; the movements, however, 
are distinctly tremulous 

When the symptoms of poisoning are fully developed, strychnine injected into the 
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doisal sac no longer produces tonic spasm, nor anything approaching it, but there is 
increased tendency to a diffused twitch in response to local stimulation 

When the nitrobenzene is introduced into the stomach the same symptoms are 
induced, though more slowly than when the injection is subcutaneous 


Experiment 

Action of Small Dose of Nitiobenzene on Frogs 


After the injection of 1 minim of nitrobenzene into the lymph sac, m 
15 m to 20“ Movement is tiemulous, legs moie slowly withdrawn Occasional staitmg in limb when 
lying quiet, but usually no tremor during lest Occasionally a senes of rapid extensions of 
legs, as m swimming, occur Reflex decreases till at 80 m there may be only twitching 
without withdrawal of foot 

It 2 minims aie injected, the symptoms may develop moie lapidly Eye reflex may disappeai m 
40 m to 50“ It may he outlasted hy extension of legs as a leflex act 


Effect of Seat, 30° 0 

In a Erog poisoned by nitrobenzene and kept at 30°, the symptoms were as follows — 

5 m . Tremor well marked 

lO 01 If leg is pinched it is thrust out aud drawn up There may be a coordinate kick with both legs 
No withdrawal of arms if pinched, but legs are moved 
35“ All reflex is entirely gone, except the faintest tremor on pinching either of tko feet If taken out 
and placed on the bench theie may he soon slight return of leflex, but this is usually very 
slight 

Effect of Gold, 7° G 

50“ After injection of 1 mmim, still hops Some tremor and slowness m drawing leg up after spnug 
80“ All reflexes present Has quite ceased to crawl 
200“. AH reflexes present No tremor when not attempting movement 
Prom this condition complete recovery occurs 


( Effect on the Spinal Gord, Nerves, and Muscleb 

When reflex has almost entirely ceased it is usually found that stimulation of the uppei paLt of the 
cord causes a very faint twitch m either leg (even if the sciatic arteiy has been previously tied m one) 
On the nnligatured side indirect stimulation caused a veiy feeble contraction, if any, direct stimulation 
a relatively stronger, though imperfect contraction, which becomes rapidly prolonged on frequent 
j^petdaon of stimulation (fig. 10) On the ligatured side both direct and indirect stimulation yielded 
‘goqd contractions The chief effect is on the cord, which is markedly paralysed hy this diug, especially 
1 ponductiBg power Next to this the end plates of the nerves are paralysed, and lastly, the muscular 
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Action of Nitrobenzene on Mnscle and Neive 

Decerebrated Frog weighing 24 grins Right iliac vessels ligatmed 0 05 c c mtiobenzene injected 

into the dorsal lymph sac Curves taken 5 1 ' after the injection 



Fig 10 Muscle of ligatured (unpoisoned) leg Stimulated by opening shock of induction coil every 2 s 
Curve obtained by stimulation of the nerve was nearly equal to that obtained by direct stimulation 



Fig II Muscle of unligatured (poisoned) leg Stimulated in the same way The muscle relaxes 
imperfectly dm mg the intervals between the contractions There was no response at all of the 
muscle when the nerve was stimulated 


Experiment 

Medium Dose of Nitrobenzene. Frog of 29 grins 

Qi 1 ()m Injected 2 minims of nitrobenzene into dorsal lymph sac 

24 m Torpid and slower m movements 

34 111 Rests on belly, does not sit up, crawls and springs, but movements aie tremulous and legs not 
rapidly drawn up Repeated springing movements 

50 m All reflexes present, but the leg is drawn up slowly and jerkily No tremor on movement whilst 
lying still, except an occasional starting of limb 

79 m Suddenly executed series of 10 to 12 rapid extension'! of legs as in swimming No eye reflex 

84f m Sharp twitch of both legs without withdrawal on pinching foot, hut no movement of aims or 
trunk Yery faint reflex of each arm on stimulation of itself Circulation very active, 
pigment cells not markedly altered 
109 m Movements of leg muscles very faint 

Action on Spinal Cord , Musde , and Nerve 

Exposed the brachial cord Left leg entirely divided except sciatic nerve, no contraction on tet&msmg 
nerve, or cord Response to direct stimulation of the muscle was extremely feeble, stronger m the other 
leg, from which 90 conti actions were taken 

MDhCCXOI —B. 4 E 
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Exposure to Vapour op the Benzene Compounds. 

The original experiments of Brieger,* who showed how readily poisoning m Frogs 
might be induced by placing the animals m solutions of resorcin and its isomers, 
demonstrated the fact that by cutaneous absorption these substances are highly 
lethal Christ ian iI has demonstiated m the same manner the poisonous action of 
benzol The literature of pyrogaliol abounds with instances of poisoning produced 
by the application of the drug applied m the form of ointment to the human body 
The inhalation and cutaneous contact of the vapour of nitrobenzene have caused 
poisoning, and amlin when brought into contact with law surfaces, as m the treat¬ 
ment of skm diseases, and more especially when its vapour has been inhaled, has 
produced its characteristic poisonous effects Exposure of Frogs to the vapour of the 
andms and their alcoholic combinations has been found by Jolyet and CahoursJ 
and other observers to cause poisoning 

In confirming these and other experiments, we have found that exposure of Frogs 
to the vapour of benzene, its haloid compounds, its alcoholic compounds, to amlin, 
and to mtro-benzene, produces the characteristic symptoms of poisoning with great 
rapidity and completeness We introduced Frogs into large funnels, the lips of which 
were covered with vaseline, so that they fitted air tight upon glass plates In the 
neck of the funnel a fragment of sponge was contained, and into this the body to be 
tested was dropped Theie was by this method no actual contact of the substance 
with the Frog, merely the exposure to the vapour liberated from the sponge 

We will merely quote one or two of such experiments m this place 


Experiment 

Action of the Vapour of Monochlorobenzene. 

Frog of 15 grms. in large funnel as above described Temperature 15° C 

O 11 0“ Dropped three drops of monochlorobenzene into the sponge contained m month of funnel 
20“ Violent springing alternating with crawling movements, great frothing on sides of funnel Legs 
are strongly withdrawn 

45“ Movements, much less powerful, are jerky and broken 

86* All reflexes are jerking Start of body and limbs on striking bench Lies still if not loused, 
legs extended 

All movement completely gone Frog taken out of the funnel 
136“ There is a very faint twitch of toes on stimulating fore foot or hind foot On decapitating, a 



* Beikgeb, ‘Arch, f Anat u. Phys 1879. 

^ jiv + n * v 

l **$ST* ' - * ; 

f ‘ Comptes Rendvol. 56, p 1131. 


t ‘ Zeitschiuft f. Physiol Chemie,’ vol. 2, p 282. 
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weak movement of arms and legs ocean ed On stimulating the spinal cord, contiaction m 
legs was very impeifect and unsteady Nerve distinctly impaired m function Muscle 
gives feekle tetanus Heai t still heating slowly 

Action of the Vapour of Dimethylbenzene 

The symptoms produced by dimethylbenzene were much less marked, chiefly charactensed by motor 
paresis 

Action of the Vapour of Amidobenzene (Amlin ) 

Anilm caused, after an initial period of excitation, great tremor and twitching, and after exposure 
to vapour for 40 minutes, the animal hardly possessed the power of crawling Appearances like those 
of paralysis agitaus 

Experiment. 

Action of the Vapour of Nitrobenzene 
Placed a Frog under glass on filter paper Temperature 1 5° 5 C 

0 h 0 m At upper end of glass, five drops of nitrobenzene dropped on sponge 
20“ Cannot hop, all reflexes present, hut slow and ]eiky Breathing lapid 

60 m Decerebrate Thereafter no spontaneous movement causing tremor occurred, hut on irritating 
foot, withdrawal was very slow and still tremulous 
420“ All reflex gone fiom legs Very weak leflex from arms Circulation active, strong 

Condition of Spinal Cord , Muscle , and Nerve 

Decapitated, piepared upper part of cord and cut through all tissues but nerve of one side Con¬ 
traction m gasti ocnemius of this side, though not so strong as of the other on stimulating cord After 
contraction occurred, fibrillation lasted some time 

Although it may seem almost superfluous after what we have already said, yet we 
shall now give, in the briefest possible manner, the most prominent results obtained, 
which may serve to contrast the bodies we have examined 

Benzene (aromatic) causes relatively but little tremor except on movement, and 
whilst it may for a time increase the reflex function of the cord, m the end it causes 
paralysis The central nervous (cerebral) apparatus is somewhat specially affected by 
bromobenzene , whilst spontaneous jerkings, with tremoi on movement and increasing 
lethargy, characterise loclobenzene Monochlorobenzene tends to cause more pro¬ 
nounced spasm than the foregoing There is great tremor, with ataxic movements 
The circulation is but little affected 

The methyl compounds abolish voluntary movement and ordinary reflex, but some¬ 
times after tlie ordinary reflex response has disappeaied, touching may cause other 
movements which are not usually induced, as touching eye causing extension of 
limbs, but no eye reflex (as in case of trimethylbenzene), occasional clonic convulsive 
movements of limbs and trunk have been observed to occur spontaneously (as in case 
of methylbenzene). There is more tremor after dimethylbenzene than after methyl- 
benzene The eye reflex disappears relatively soon 

The trimethylbenzene is distinctly the most active of the three 

4 e 2 
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Ethylbenzene is stronger than methylbenzene in producing paralysis, but not so 
strong as the tnmethyl compound Some amount of tremor is observable on attempted 
movement 

Dikydroxybenzene meta (resotcm) is distmcl from all the others m the spontaneous, 
rapidly occurring, and somewhat rhythmical movement which it occasions This 
symptom, whilst rapid in making its appearance if the dose is small, lasts for a long 
time before paialysis of the cord ensues 

Eyvogcdlol has not the same tendency to cause clonic spasm, but tends rather to 
produce a lethargic state with giadual decline of reflex 

Annclobenzene causes the most rapid occurrence of motor phenomena, the hydioxyl 
compound excepted There is great tremor after a spring Very active incoordinate 
movement is made, but tonic spasm is absent 

Nit? obenzene causes lethargy with increasing tremor on movement The reflex is 
abolished somewhat early, but after this time a series of jerking movements of the 
legs, perhaps with fibrillation, may be observed 


SECTION II —ACTION OP BENZENE AND ITS COMPOUNDS UPON REFLEX 

An extensive series of observations was made with the view of testing the effect 
upon reflex action of the various bodies entering into the senes under discussion 
Decerebrated Frogs, prepared some time previously, were used for this purpose 

Immediately before the experiment commenced, the light iliac artery and vein 
were ligatured, m order that an estimate might be formed of alteration of reaction 
originating, not m the cord itself, but in the muscles and peripheral nerve terminations. 
The foot of the suspended Frog was stimulated by dilute acid of various strengths, 
from 1 per 1000 to 1 per 6000 (by measure) The reflex was tested every L0, 15, or 
20 minutes, according to circumstances, and estimated by means of a metronome 
beating half-seconds 

The time of withdrawal was recorded, and from the figures obtained the diagrammatic 
charts were constructed. One difficulty pecuhar to the substances under consideration 
was met with, namely, that from the action of certain of them, a condition of spon¬ 
taneous jerking was developed, which was aggravated by immersion, even m pure 
distilled water, at the moment the application was made This action, which occurs 
when the foot is very suddenly immersed, but not nearly so much so when gradually, 
was specially pronounced m the case of benzene, monochlorobenzene, and amido- 
benzene (anilin), Tne difficulty was overcome by a more gradual immersion, and by 
repeating the test until the uniformity of time of withdrawal clearly indicated that 
this was due to the stimulation by the acid 

account of the motor symptoms produced by the hydroxyl compounds, we found 
them imsuited to this form of experiment. 
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The ultimate effect of many bodies in the series is to lender the withdrawal of the 
foot highly tremulous and jerking The flexion of the leg is followed by an extension, 
and this again by another flexion, so that instead of a sustained withdrawal fiom the 
irritating acid fluid, the foot is splashed in and out, and the action is continued until 
the foot is washed with pure water, and sometimes e^en after washing After use 
the a n imals were placed m the cold and kept moist The doses employed throughout 
the series of over 70 experiments weie either the of a cubic centimetre, or exactly 
double the quantity The measurement was made m an accurately graduated 
capillaiy tube Twenty-foui hours after the larger dose reflex was still active, chiefly 
m the case of Frogs receiving the monoiodobeuzene, dimethylbenzene, and benzene, 
though with the smaller dose it was usually retained, excepting after trimethyl- 
benzene 


__ Benzene C 6 H 0 

This body m laiger dose, fg ce lapidly lengthens the time elapsing before leflex 
reaction to acid solutions, which were previously strong enough to cause rapid with¬ 
drawal of the foot The curve which may be obtained by placing verticals, repre¬ 
senting the time elapsing befoie reflex withdrawal of the foot, upon an abscissa, which 
is divided into equal tune intervals, shows a parallel change of responses on the 
ligatured and unligatured sides, allowance bemg made for the slowei reflex m the 
former owing to blood stasis With a smaller dose, ^cc, the failure of reflex is 
much more gradual , m the experiment from which the curve is formed it varied only 
from 1 5 second to 7 5 seconds m the course of 4\ hours There was no certain 
indication of shortening of the reflex phenomenon even at an early stage of the 
poisoning. 

We quote the results of two experiments * 


* In recording- the reflex time we occasion ally give two speeds, as 1 second to 1 5 second, indicating at 
that particular time a withdrawal, sometimes at 1 second, sometimes at 1 5 second In the figures we 
have drawn up the mean is given between these numbers 
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Experiment a (4) 

Frog of 32 grms, pegged some hours previously 

Ligatured Bight Iliac Vessels. Acid Solution 1-4000 (by measure) Beflex three 
times tested at short inteivals Injected c c. Benzene into Anterior Lymph Sac 


Time 

Unligatured leg 

Ligatmed leg 

Bemarks 

minutes 

seconds 

seconds 


0 

15-2 

25 


10 

15 

2 


20 

3 

35 

Jerking of feet and spreading of toes commenced 

40 

10 

9 

Change to 1-2000 acid 

50 

25 

25 

Jeikmg exaggerated on instant of immersion 

60 

3 

3-3 5 


120 

6-6 5 

65 

Legs jerked*out sharply, but thiust m again, the 
movement is exaggerated for some time aftei 
falling m water 

180 

89 

89 



In 24 horns the reflex of this Frog was good, and bat slightly tremulous 


Experiment b (Fig 12, a ) 

Frog of 36 grms. Preparation as before 


Time 

Unligatured leg 

Ligatured leg 

Eemarks 

minutes 

seconds 

seconds 


0 

15 

3 5-4 

Tested four times at short intervals Acid solution 




1-2000 



Injected yg- c c aromatic benzene 

10 

15-2 

3 5-4 


30 

2-2 5 

4-4 5 


45 

60 

3 

45 


3 

45 

Withdrawal tremulous 

85 

3 5-4 

5-5 5 


, 115 

! 130 

5 

4 

6 5-7 

5 5-6 

All movements are flapping and nnsustamed 

150 

» 6 

8 


: 166 

1 7-8 

10 


190 

85 

( 

Not in 20 

Next day reflex from both legs was good to 




mechanical stimulation 
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MonOi him ohenzene 

This compound causes a poweiful effect upon leflex , it is, m fact, one of the most 
active bodies in the series In about one-half of the experiments a shoitenmg of the 
ie3ex period was produced immediately after injection The reduction varied from 
5 secord to 1*5 second, and was never present for more than 80 minutes after the 
injection had been made After this temporary reduction, or an alternative equality 
or slight lengthening of reflex, a very rapid change took place, the period of reflex 
increasing considerably with every estimation Spontaneous spreading of toes and 
jerking of feet and legs were developed m all cases, and this condition was increased 
by immeision m the acid solutions, and sometimes persisted for a time m exaggerated 
form alter washing with cold water Immersing suddenly m water caused an active 
instantaneous jerk In several experiments the ligatured leg, though as much affected 
in this respect as the unligatured, was stronger in its reaction, and, spite of diminished 
irritability from stasis, came to respond by withdrawal more rapidly than the other, 
indicating a direct paralysing action of the drug on the side of free cndilation 


Experiment c (Fig. 18, /3 ) 


Fbog of 28 grms Usual Preparation 


Time 

Un ligatured leg. 

( 

Ligatured leg. 

Ttexnaiks 

minutes 

seconds 

seconds 


0 

1-15 

2 

! Acid 1-2000 (measure) Tested reflex four times at 




intervals 


Injected 

tV go. monochlorobenzene into anterior lymph sac 

10 

f" 1 I 

15-2 


20 

30 

5-1 t 

2 

15-2 

£ 

Twitching of toes has commenced 

40 

25-3 

V 

3 


60 i 

8 

5 

Twitching of toes and feet active 


— ...^ 

24 hours* 

rr^ —G, , , 

All reflex gone 
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Fig 13, /3 and 7 



Experiment d. (Fig. IB, y ) 
Frog of 46 grms Usual Preparation 


Time 

TJnligatnred leg 

Ligatured leg 

Remarks 

minutes 

seconds 

Becortds 


0 

2-2 5 

2 5 

1-4000 acid Tested reflex thrice 


Injected 

^cc monoelilorobenzene into antenoi lymph sac 

io 1 

2—2 5 

3 


20 

25 

3-3 5 

- 

30 

3 

4-45 


50 

4 

6 

Movement broken and tremulous 

70 

5 

9 

Active jeikmg before withdrawal 

90 

13 

Not out in 20 secs 


On changing the solution to 1-1000 (nothing weaker caused withdrawal), the 
reflex of the unligatured limb was reduced to 5 seconds, but lengthened again with 
moderate rapidity to 10 seconds. The ligatured limb yielded no further response 
In 24 hours there was feeble reflex on the unligatured side, and in 48 hours this had 
become moderately active. 

MDCCCXCI. — B. 4 F 
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Monobromobenzene . 

The action of this body upon reflex is considerable and moderately rapid, though it 
is distinctly less than that of monochorobenzene. There is during the course of the 
experiment an alm ost entire absence of the motor phenomena which are so prominent 
in the former No distinct ieduction m the time of reflex was observed The cuives 
obtained from the ligatured and unligatured limbs ran fairly parallel In the experi¬ 
ment quoted the latter at first was slightly slower than the former, but the position 
became in time reversed 

Experiment e (Fig 14, 3 ) 

Frog of 32 grms Usual Preparation. 


Time 

Unligatured leg 

Ligatured leg 

Remarks 

mumtea 

seconds 

seconds 


0 

*5-4 

*5 ] 

Tested thrice at intervals Acid, 1-2000 


Injected monobromobenzene into anterior lymph sac 

10 

1 

5-1 


20 

1-15 

1 


40 

15-2 

15 


60 

2-2 5 

1-15 

Withdrawal tremulous, hut no spontaneous jerking 

80 

2 5-3 

15-2 

100 

25 

3 5-4 


( 120 

4 

7 


140 

6 

8 


175 

7 

10 


200 

85 

12 


275* 

12 

18 

Erom 1-4000 acid solution 


24 hours Reflex entirely disappeared to all stimulation 
* Not shown in fig 


Monoiodobenzene 

Of the haloid impounds, lodobenzene is the least active upon reflex Although it 
does not appear to reduce the reflex period m the first instance, the prolongation 
caused as a rule develops slowly. In experiments extending to 4 and 5 hours it 
was found that the ligatured leg, at the conclusion, usually had a distinctly shorter 
reflex latency than its unligatured companion, from which circumstance a direct 
effect cff the drag upon the terminal nervous filaments or the muscular tissue, 
impa irin g their function, is to be inferred. The spontaneous jerkings appear like 
those caused by chlorobenzene. A persistence of reflex on the day after the experi- 
me&h appeared more usual than with the other haloid compounds for equal doses to 
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Experiment f (Fig 14, e) 
Frog of 30 grms Usual Preparation 


Time 

TTnligatured leg 

Ligatured leg 

Remarks 

minutes 

seconds 

seconds 


0 

1 5 

1-15 

Tested thrice at inteivals Acid 1-2000 


Injected ^cc monoiodobenzene into antenor lymph sac 

lu 

15 

1-1 5 


20 

2 

1-15 


40 

2 

15 


60 

2-2 5 

2 


80 




100 

35 

2 5 

Withdrawal becoming tremulous on both, sides 

125 


3-3 5 


140 

25 

2-2 5 

No spontaneous jerking 

170 

4 

3 5 


195 

4 

3 


260 

' 9 

45 



24 hours Moderately good reflex m both legs 


The action of methylbenzene is apparently identical with that of the dimethyl 
compound, which we shall now consider. 


Ihmethylbenzene. 

The effect produced by this compound upon the time of recovery is neither rapid 
nor powerful, and this statement holds even when the larger dose, -yg- c c, is 
employed A reduction of the latency has been observed m a considerable proportion 
of the experiments made with this drug, and this phenomenon has occasionally been 
seen to for 40 minutes Failing a positive reduction, the speed of withdrawal 
remains for a time unaffected. When the reflex does begin to lengthen the increase 
Is gradu^/i m no spontaneous movement. The reflex after the lapse of 24 

hours is a»i destitute of tremor. 
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Expenmant g (Fig 15, £ ) 

(The time of reflex was identical for a considerable period m the two legs ) 

Feog of 31 grms Usual Preparation 


Time 

Unligatured leg 

Ligatured leg 

Remarks 

minutes 

seconds 

seconds 


0 

1 5 

1 5 

Tested four times at intervals Acid solution 




1-2000 


Injected ^-cc dimethylbenzene into anterior lymph sac 

10 

15 

15 


20 

15 

15 


40 

2 

2 


60 

2 

2 


80 

2-2 5 

2-2 5 


300 

25 

2 5 


120 

3 

3 


145 

3 

4 


170 

3-3 5 

4-45 


195 

3 

4 


260 

35 

45 



24 hours. Reflex moderately good, devoid of tremor 


Tnmethylbenzene 

This compound is markedly stronger m its action upon reflex than the dimethyl 
compound No shortening of reflex has been noticed, but a steady prolongation of 
the time elapsing between immersion and withdrawal of the foot. As a rule, the 
curves obtained from the ligatured and unligatured legs respectively run fauly 
parallel, but occasionally the unligatured drops behind the other, as if eventually a 
direct effect was produced upon the muscle substance and nerve terminations 
In 24 hours after the smaller dose reflex has, as a rule, entirely disappeared 




Fig 15, 17 , and 6, 


590 


DUS T L BUTJNTON AND J T CASH ON THE CONNECTION 






















































































































































BETWEEN CHEMICAL CONSTITUTION AND PHYSIOLOGICAL ACTION 591 


Experiment h (Fig 15 , 17 ) 
Frog of 30 grms Usual Preparation 


Time 

Unligatmed leg 

Ligatured leg 

Remarks I 

minutes 

seconds 

seconds 


0 

5 

5-1 

Thrice tested at intervals Acid solution 1-2000 


In]ected Ug- c c tnmethylben zene into anterior lymph, sac 

10 

5-1 I 

1-15 


20 

1 

15-2 


30 

1-1 5 

2-3 


40 

15-2 

25 


60 

2 

4 


70 

2 

3 5 


90 

2-3 

3 5-4 


110 

3-4 

6 

Well withdi awn No tremor 

130 

4 

6 5 


150 

4-4 5 

6 5-7 


170 

2 5 

3'5 

A most distinct acceleration of leflex, regnlai on 
every lmmeision 

190 

3 5 

45 

210 

6 

7 




24 hours All vitality gone 


Ethylbenzene. 

Although the effect produced upon reflex is moderately rapid and extensive when 
large doses have been administered, with smaller doses the result is much less 
marked, so that this compound is to be regarded as amongst the feebler in its power 
of reducing the reflex activity of the cord. As a primary result of its action the 
time of reflex is usually reduced, sometimes by as much as 1 second. This stage of 
acceleration may persist from 10 to 30 minutes Thereafter a lengthening of the 
period occurs and develops slowly or rapidly according to the dose. There is no 
protraction of spontaneous tremor and jerking, though the withdrawal of the legs 
becomes ultimately tremulous. 

The day after the experiment, when the smaller dose had been used, the reflex was 
usually found to be good and unaccompanied by tremor 
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Experiment i. (Fig 15, 6 ) 


Frog of 33 grms 


Time 

ITnligatured leg 

? 

Lio^atured leer Remaiks 

° “I _ .- 

1 minutes 

--1 

* seconds 

seconds 1 , , , - nnn 

> 0 

15 

1 5-2 Tested fotrr times Acid 1-2000 


Tweeted ^cc ethylbenzene into anterior lymph sac 

! 10 

1 

15 

20 

5-1 

i 

3o 

1-1 5 

2 

40 

1 5 

25 

50 

2-2 5 

3-3 5 

60 

2 5 

4 

70 



80 

1 

1 

, 90 

, 3-3 5 

6 

100 

I 45 

65 i 

no 

4*5 

65-7 

130 

I 4*5 

7 5 

150 

1 5 

] 

170 

( i 

i 

190 

55 

8 


In Experiment k, in which a Frog of 38 grms leceived c.c of ethylbenzene, the 
time of reflex, when tested with 1-2000 acid, increased in 140 seconds by less than 
2 seconds, and in 2 hours later it had increased only one additional half second The 
day after the preparation showed good reflex in both legs ; no tiemor was present 


Amulobenzene. 

Anilin has considerable power in causing spontaneous movement m a pegged Frog 
The movement is spontaneous, but it is exaggerated on dipping the foot into acid 
solution or even into water. No reduction of the reflex period has been observed. 
The time occupied in withdrawal lengthens materially, whilst the increased jerking 
isK^ediatsly immersion shows it is a case of slow summation of stimulations 
centrally rather than of a failure of peripheral motor and sensory apparatus. The 
curves of response of the ligatured and unligatured legs are very parallel throughout. 

If the add a©fetie& used is of the strength of 1—2000, and the amount of anilin 
injected does not exceed ^ me.*, reflex may still occur within three or four seconds 
- ©£ ihe original speed, even after the lapse of three hours. 
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Experiment 1, la (Fig 16 t,) 


Frog of 29 gi ms Usual Piepaiation 


Time } 

l 

Unhgatured leg j 

i 

Ligatured leg 

Rem n Ls 

minutes 

seconds 

seconds 


o i 

5 

5-1 | Thrice repeated at mteti ils Acid 1-201*0 

Injected c e amidoben/ene 

10 

5-1 

1 

Withdrawal tremulous 

20 ! 

15 

1 5-2 


40 | 

2 

2 

Twitching of toes increased even after acid removed 
by washing 

1 

50 

2 5 

2 5 

60 

2 5-3 

2 5-3 

1 

75 

n 

O 

3 

Are only just drawn clear of the c-olnho ■» The 
ligatured leg is the stronger of the two 

95 1 

3-3 5 

3-3 5 

120 

j 

4 

4 

Withdrawal very weak and tremulons Jerking and i 
spi ending of toes after washing 

! 

175 j 

4 5 

45 


Same preparation tested at same time with. 1-4000 acid solution i 

0 , 2 

Time of injection 

3 


' 10 

3 

4 

i 

i 

20 

4 

4-4 5 


40 

5 

5-5 5 

1 

50 

4 

4-4 5 


60 

45 

4 5 

; 

70 

Not out in 10 

7 

i 



4 o 


kDGOCXCT.—6. 
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Nitrobenzene 

Little or no movement of the lefiex frog preparation is observed independently of 
the stimulation 

If the dose of nitrobenzene injected is a moderately large one o c to fiog 
of 23 grms ), gieat prolongation of reflex is observed usually within an hour. 
Thus, in the ease referred to, m 60 seconds after injection neither leg was removed 
within 20 seconds, though at 20 minutes the leflex stood at 3 seconds and 4 seconds 
for the two legs respectively A dose propoi tionately much smaller, as m the case 
quoted (-^g- c c to frog of 41 grms.), shows a comparatively slight effect upon the cord, 
the reflex remaining active, with but little tremor on stimulation After the smaller 
dose recovery frequently takes place, so far that reflex next day is good on the side of 
hgatuie, and the withdrawal of the protected foot occurs more powerfully on stimu¬ 
lating the unpiotected than the withdrawal of the latter itself. It is evident, 
therefore, that sensory nerves are no more affected than motor, if as much, by the 
action of this drag, which has a direct effect upon the exposed limb m addition to its 
action on the cord 

Experiment m. (Fig. 17, k.) 

Frog of 23 grms. Usual Preparation 


Tune 

Un ligatured lea- 

o o 

Ligatured leg 

Remarks 

nnnutes 

seconds 

seconds 


i o 

3 

4 

Tested thrice Acid 1-2000 



Injected T \ c c nitrobenzene 

10 

1 35-4 

5 


20 

3 ! 

4 


30 

3 1 

45 


40 i 

45 I 

8 


00 

Neither out in 20 
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E££)<.'i oneut n 

Frog of 41 guns Injected c c Nitrobenzene 

In this experiment r.flex on mimei-ion m 1-4000 acid solution became giadually slower, but after 
3' 1 the ligatured leg was still withdrawn m 4 s (instead of I s before injection) and the ligatured m 5 5 s 
(instead of 1 5 s ) 

When a leflex Frog poisoned with mtiobenzene is laid on a flat surface, the legs, if 
flexed, are not violently extended with jerking and tremor, as in the case of monochloro¬ 
benzene, amidobenzene, &e , but ai e retained in a flexed position, 

SECTION III—THE ACTION OF BENZENE COMPOUNDS IN CAUSING MUSCULAB 

RIGOR 

It had been frequently observed that local coagulation of muscle was produced at 
parts with which the benzene compounds had come into contact , it seemed advisable 
therefore to determine whether the activity of these bodies was umfoim or whether 
some were more active than others With this object in view the compounds were 
either brought mto direct contact with the muscle by filling the muscle chamber 
already described (‘Phil Trans / Part I, 1884) with them, so that the muscle was 
completely immeised, or else measuied quantities weie introduced into a muscle 
chamber which was specially constructed so as to be absolutely air-tight, and thus 
without bringing the liquid into dnect contact to allow of its action duiing volatili¬ 
sation upon the muscle. 

By the first method it was found that powerful rigor was rapidly induced by all 
the members of our series. The contrast between the three halogen compounds 
showed that in the case of— 

Monochlorobenzene, the active shortening of the muscle 

30 minutes after application of the drug was . . 3 1 millims 

Monoiodobenzene, the active shorte ning of the muscle 

30 minutes after application of the drug was . 3*4 „ 

Monobromobenzene, the active shortening of the muscle 

30 minutes after application of the drug was ... 2*5 ,, 

In each case contraction commenced within one mmute erf contact with the benzene 
compound. 

As this method however involved the use of such large quantities of the compounds 
the senes was not completed, but the second plan (i.e., the spontaneous volatilisation 
of carefully measured amounts of the compounds in an air-fight chamber, into which 
a muscle had previously been introduced) was followed. 

4 G 2 
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The contrast was made at equal temperatures. 

By following this plan it was soon detei mined that variations occurred between the 
various benzenes. Shortening of the muscle did not immediately occui as m the case 
of immersion which has been already described It was even found that when stimu¬ 
lation of the muscle was practised before and after the admission of the benzene 
compound, the contraction occasionally remained as powerful for some time under the 
latter conditions as it was before, but tbs was always in absence of any matenal 
shortening The variation between the bodies with regard to this as well as to the 
shortening wws, howevei, eonsideiable Some proved themselves distinctly more 
active than otheis 

When iij c c, exactly measuied, of the halogen compounds was introduced, it was 
found that monochlorobenzene w as much the most active m causing rigor, then mono- 
hromohenzene, and monoiodobenzene was a good deal weaker than either of them 

When the strongest of these bodies (monochlorobenzene) was contrasted with the 
alkyl compounds it was found to take an intermediate place between methyl-, which is 
the strongest, and dimethylbenzene which stands next to it; when contrasted with 
the third of the methyl compounds, trimethylhenzene, monochlorobenzene shows itself 
itself later in producing shortening, but its ultimate effect is more powerful 

The activity of the methyl compounds is therefoie inversely to the extent of methyl 
substitution in the benzene molecule 

Ethylbenzene is not far removed from methylbenzene in the total effect of the 
shortening it produces. In each of four experiments the latter was strongest It 
is generally quicker in causing shortening than methylbenzene Ethylbenzene is 
distinctly stronger than the di- and trimethyl compounds. 

With such small quantities as yg- c.c. of these compounds a very distinct and 
moderately rapid shortening was induced, as the following figures, illustrative of a few 
experiments only, suffice to skow T , the contrast in each instance being between com¬ 
panion muscles of the same Frog at equal temperatures. Two slow drums were 
employed, having a slightly different speed of rotation. 

No. 1 has a rate of 33 millims. in 10 minutes. Figs. 18 and 19. 

No. % „ 39 „ „ „ Fig 20. 

Nitrobenzene and amkbbenzene showed themselves much less effective than the 
other compounds when muscles were exposed m air-tight chambers to their action. 

In experiments m. which only the c.c. of these bodies was tested, it was found 
that after the laps® of 15 hours no shortening nor rigor were observable. 

’Whitt jtiki muscles were exposed for many hours in the presence of a large amount 
of these hodmej, mo^oaffrehenzcne was earlier in producing its effect than amlin. 
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This result would not seem to point away fiom the theory winch might possibly be 
advanced, that we haye heie to do to a large extent with a question of vaiving 
yolatility between the various benzenes. 

The boihng-pomts of amidobenzene and nitrobenzene aie 184 and 209 lespeetivelv, 
and the only body uhich at all appioaches them in the slowness of ite action is 
monoiodo benzene, with a boiling-point of 188 

Ethylbenzene, with a boiling-point of 134. comes after methylbenzene (111), but 
before dimethyl- (140) and tnmethylbenzene (163) 

SECTION IT —EXPERIMENTS UPON RATS 

Benzene, and the compounds ol the benzene series, together with iesoicin, were 
administered hypodermically to Bats, the animals chosen for experiment being as 
neaily as possible of the same size 

Aromatic Benzene 

Produces lethargy, with some exaggeration, however, of reflex, and occasional 
spontaneous jerking, with gieat impairment of mobdity 

Experiment 

Injected 5 gtfc into right groin 

19 m Is torpid, hut can run easily if roused. 

31 m Is hypersesthetic and jerks away, if touched, to anothex place 

36 m Starts if touched There is an occasional spontaneous jerk 

6e m Much less affected than either of the others (nitre- and amidobenzene) examined at the same 
time 

8G m Palis over on one side if touched 
26t m Sitting up and beginning to run 
30G m Normal 

Nev t day perfectly noimal 

Small doses of monochloro-, monobromo- and monoiodobenzene (2 minims) injected 
beneath skin of three Bats of equal medium size, caused in each case slight lethargy 
without any special symptoms. This lethargy continued for from 60 minutes to 90 
minutes, after which time complete recovery occurred. 

Larger Doses. 

Chlorobenzene .—6 minims injected beneath skin caused some tremulousness in 
movements m 30 minutes. The animal became lethargic, and if not roused remained 
sitting in comer of cage. It was, however, easily roused by touching or noise, and 
then lan well, though its movements were somewhat unsteady. This condition lasted 
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for thiee houts alter administration of chloiobenzene, and thereafter a return to normal 
took place 

Btrimohcnie/te .—After a similar dose of tins drug a Bat of equal size became very 
lethargic, and though sitting up and possessed of all its reflexes, it could haidly be 

roused to movement 

When recovering it walked slovlv with a rolling or rocking movement, its balance 
appearing uncertain 

lodobenzene .—Was distinctly more active than either of the other haloid compounds 
(6 minims to animal of equal size to other two) 

12 m After administration it was observed to jerk five or six times m succession, became rapidly 
weak tending to sink on its side 

27 m Resting on side "Very lethargic All reflexes are present 

37 m Breathing much accelerated Rocks as if attempting movement, bnt lies m any position m 
which it is placed. 

2 s - 42™ Symptoms are more marked than at the last i eport The animal cannot move trunk or limbs 
The eye reflex still persists No tiemor Breathing rapid 
The conditions remained much the same till death occurred m 5 hours from failure of 
respiration 

Post-mortem Right heart eontaius much dark blood No other special appearances 

Subcutaneous injection of 6 minims of ethyl-, methyl-, and dimethylbenzene 
respectively, caused a condition of lethargy which lasted fiom three to four hours The 
animal could be roused at any time Bo special motor symptoms were produced, hut 
a certain degree of anaesthesia was observable m each instance. 

Trimethylbenzene of the same dose caused closely similar symptoms, but terminating 
in the death of the animal 


Dioxybenzol on Rats 

0*03 gmu of met&dioxy benzol, dissolved in five drops of salt solution, injected sub¬ 
cutaneously into large Bat 

3 m . Shuddering and jerking of body, shaking of head 
9®. Above symptoms much more marked 
12 s1 . Still walks, but very ataxic Breathing accelerated 

IS® Resting on side and back, cannot rise, all limbs m clonic spasm Abdominal, thoracic, cervical, 
and facial muscles also contract sharply at intervals No fixed or tome spasm 
41 m This condition continued until 41® after the injection, when jerking became less, and the power of 
spontaneous movement began to return. Washed face and walked a few paces 
51®. Reflex is still rather exaggerated, but spontaneous jerking has almost disappeared 
80® Quite normal 


Boses of 0*05 to 0*1 were fatal; death occurred from paralysis of the respiratory 

The heart appeared to be relatively not much affected, its action outlasting 

$ 

id was not examined in this series.) 
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Amidobenzene on Rats 


Bapidly developing weakness, with jeikmg and marked dyspnoea, is observed 


15 “ 

18“ 


57 m 

87“ 

107“ 

262“ 


342“ 


Injected 4 minims into right groin 

Tends to smk on belly Hind legs weaker than fore 

Breathing over 200 pei minute An occasional start or ]erk is noticed Can still crawl very 
slowly, but usually lies with legs extended behind it 
Is much more affected than the benzene or niti obenzene Bats 
A good deal of jerking as it lies, both of fore and hind limbs Much dyspnoea 
Breathing very hurried great dyspnoea 

Quite insensible; no leflexes Jerking of limbs at intervals, as 2 s , 5 s , 5 s , 3 s , 2 s , &c Respiration 
rapid and laboured, 150 per minute Body not very cold Breath smells of amidobenzene 
Died 

Only very skght twitch of toes occurred on crimp mg sciatic 

Post-mortem —Limp, cortex of kidneys and brain surface congested Right side of lieai t very 
full 

Nitrobenzene on Rats 


Torpidity, weakness, failure of reflex, absence of motor symptoms. Failure of 
respiration 

Injected 5 minims into right grom 
38“ Runs, but is weaker and somewhat torpid 
53“ Runs a step or two and falls on side, but soon recovers itself 
83“ Rises with difficulty if turned over on side 

130“ No marked reflex from body or limbs, bat from eye still present Breathing quiet, not hurned 
258“ More under influence of drug Is now profoundly insensible to all stimulation Breathing and 
pulse feeble Surface veiy cold. 

358“. Breathing slower, no twitching, no reflex , quite insensible 
500“ Died 

Post-mortem—Lungs congested Right heart contracted, also left Kidneys not markedly 

hypersemie (m these respects differs from amidobenzene) 


SECTION Y ACTION OF AROMATIC BENZENE AND ITS COMPOUNDS ON PULSE, 
BLOOD-PRESSURE, AND RESPIRATION OF MAMMALS. 

In all cases ether was the anaesthetic employed during the experiments This was 
administered from a bottle which was connected with the tracheal cannula by means 
of a short tube By turning the stop-cock (Dr Brunton’s*) with which the bottle 
was provided, atmospheric air was substituted for etbei. The animal was kept 
thoroughly anaesthetised, but never profoundly narcotised. 

Aromatic Benzene , 

Experiments made with this substance yielded fairly similar results. 

The blood-pressure was for some time but little affected (in one instance slightly 
increased), and the character of the pulse was not materially altered, although it was 
considerably reduced in frequency. 

The respiration showed at first a slight acceleration, but this soon yielded to a 

* ‘ Brit Med. Journal ’ 

4 H 


MDCCCXCI.—E. 



602 


DBS. T. L BRTTNTON AND 3. T CASH ON THE CONNECTION 

marked slowing, with a slowly developing and relatively prolonged inspiratory phase 
The heart became irregular, with incomplete diastole 

As the amount of the drug injected was increased, the respiratory waves became 

more marked m the blood-pressure curve 

Section of the \agi caused a distinct rise of blood-pressnre and an acceleration of 
the pulse. The respiration was reduced to about one-half of its previous frequency 
In the experiment which we shall now quote, death took place suddenly after injection 
of benzene into the intestine. Both vagi had been previously divided, and death was 
due to eauluu arrest 


Cat of 6 lbs weight Etherised Cannula? in Trachea and Bight Carotid Arteries. 
Both Vagi prepared Loose on Threads. Animal placed in Warm Box Arrange¬ 
ment of Apparatus as usual 


165 


175 


m 


194 

mm 

210 

215 

m 

233 


Time 

Remarks 

Pulse for 

1 minute 

Blood- 
pre 3 sui e 

Respiration 

minutes 


- 



i*i 





IS 

in minims benzene injected subcutaneously 

110 

120 

21 

38 


112 

132 

26 

43 

‘ 20 minims benzene injected subcutaneously 




00 

1 3 1 

1 

143 

110 | 

15 

70 

Respiratory waves of blood pleasure very extern ! 

i 




mve, musing variation of 9 millims 

* * 

111 


75 

i 2" minims benzene 




93 

*V V V 1 




; no 

1 

108 

126 

18 ; 

' 120 

1 V* 

I Inject 3t) minims as before , 

1 





Systole incomplete El act nations owing to j 

respiration irregular Groups of two or three I 
bturned cardiac contractions may be followed 1 
by a somewhat longer diastole 

Ligature of left vagus causes rise of 22 millims , 
which persists for few seconds, then a return 
to previous level 

Ligature of right vagus causes temporary rise 
of 19 millims , and a more permanent rise of 
5 milhms * 

Stimulation of peripheral end causes fall of 
26 mild me 


132 


Opened abdominal canty, exposed loop of 
intestine ... ... . 

Injected 10 minims benzene into loop of intestine 
Rapid fall of pressure, heart having stopped 
Attempts at respiration continued 3“ after 
heart had ceased 


118 


120 

132 

120 


—The right auricle and ventricle were dilated and full of dark blood Left ventricle 
eostxaeted. Langs slightly congested, but otherwise not abnormal. f 

hMofiki of dates; irritable Stimulation of sciatic nerve gave firm tetanus of gastrocnemius. 
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Monochlm obenienc. 

When injected subcutaneously m an emulsiomsed condition, monochlorobenzene 
was found at first to raise the blood-pressure and to accelerate the pulse and lespira- 
tion The blood-pressure remained high throughout the first two houis, dining 
which time one drachm had been injected (in experiment quoted below) The pulse 
rate was also increased Some slowing of the lespiration was produced eventually 
Whilst laige doses injected subcutaneously did not produce more marked action, small 
doses, in a fine state of emulsion, injected into the femoral vein caused cardiac arrest, 
respiratory efforts outlasting the heait’s action 

After the injection of this diug, ether appeared in one case to have an unusually 
depressant action on the heart 


Monochlorobenzene Cat 5 lbs Etheiised. Cannulae m Trachea and FemoialYein 

Animal m Warm Box 


1 

Time 

Remaiks 

Pulse foi 

1 minute 

. 

Blood- 

pressure 

Respiration 

minutes 





0-20 

20 

Injected 20 minims monochloiobenzene (emul- 
siomsed) subcutaneously 

123 

134-162 

25 

38 . 

* ♦ » « * 

132 

165 

30 1 

60 

67 

77 , 

85 

1 

1 

m * w * 

Injected 20 minims monochlorobenzene 

If anaesthesia is not profound there is con¬ 
siderable tremor of limbs 

On giving ether, first a fall, then rise, then 
rapid fall of blood-pressure to 9 millims 
Dmsion of both vagi and artificial respiration 
caused recovery > 

- * 

181 

1 

1 

1 

l 

i 

t 

1 

t 

! 

| 

l 

i 

105 

120 

125 

140 

* 

Injected 20 minims as before . 

51 55 5 5 

! Clot formed m right carotid which could not he 
| removed Changed cannula left carotid 

i Unusual tendency to clotting throughout the 
} experiment 

168 

i 

1 

15b 

! 

i 

J 

i 

22 j 

i 

f ' 

1 

i 

158 

Pulse somewhat dicrotic 

1 164 

124 

! 22 

172 

173 

! 

* % * * » » 

1 Injected 20 drops (emulaiomsed) into femoral 
vein 

< * 

, 116 


178 

183 

Heart ceased . . . . . . 

Eespiratory effort ceased ! 

! 

0 

I 

t j 

t j 


Post-mortem —-Heart. Auricular appendix heating actively. Eight ventricle m diastole, smelling 
strongly of monochlorobenzene. Left ventricle in strong systole. Lungs healthy, contain much mucus, 
hut do not, on naked eye examination, show hemorrhages or infarction Gastrocnemius contracts 
well both to direct and indirect stimulation 


4 H 2 
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Mohobromubenze ue 


Like aromatic benzene and monochloi obcnzeue this substance (monobromobenzene) 
was found to act very feebly when injected subcutaneously. Administered m this 
wav some increase of blood-pressure with acceleiation of the pulse was produced 
When injected into the jugular vein, very largely diluted, a small dose of 1 to 4 
minims caused a slight lise of pressure if the injection was slow, but a fall if it was 
rapid. The respiration became greatly accelerated, sometimes irregular and gasping 
When the pure drug was slowly injected without dilution, gasping respirations 
succeeded and ultimately complete paralysis of lespiration Even when the pure 
drug was employed very large doses were injected before death took place. Death 
was due, m the experiments made, to failure of the heart 


Cat of 8 lhs Preparation as usual Injection was made into the Jugulai Yein 


Time 


minutes 

0 

25 

60 

83 


90 


105 


140 

i m 


155 

ice 


Remarks. 


, Pulse for 
I 1 minute 


(Fig. 21) 

Injected 1 minim of m onobromobenzene, 
thoroughly emulsified into the jugular vein 


Injected 1 minim as before, hut more rapidly 
There us a fall of 18 millims. for a few 
seconds followed by rise of 4 millims 
Injected 2 minims, shaken up m 3 c c salt 
solution, slowly Rise of 3 millims , but if 
injection was made more rapidly there was at 
once a fall 

Systole well maintained 

Injected 4 drops as before, with a fall of pres¬ 
sure succeeded by a rise (fig 22) Respi¬ 
ratory curves in Wood pressure increased in 
extent 
(Fig, 23). 

Injected very slowly 8 drops 
(Injection occupied 9 minutes ) 

(Fig. 24) 

Slow injection of 20 minims m 30 cc salt 
solution yields faint rise of pressure succeeded 
by gasping 


Injection of 4 5 minims nnsuspended into vein 
Sueoeeded fey salt solution Respiration 
occasional and gasping Pause m expiration 
minims undiluted in all, injected in 3 


After- first does of 30 minims (fig. 25) 

Blood pressure falling, vagi are cut. Rise of 
pressure for few seconds, and the heart 
ceases 


144 


148 


126 


144 


140 


131 


Blood 

pressure 


114 


111-115 


118 

110 


94 

104 

82-92 


100 

110 


100-32 

43 


Respiration 


24 


4b 


44, rather irregular 


5-6 


ItyNsMr&m.—Bungs engorged. Some eechymosis observed on section. Left heart simply contracted 
dilated. Blood smells much of monobromobenzene. Kidneys congested, bat showed no 
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Iodobenzerie 

In the experiment which we shall quote, lodobenzene was injected into a loop oi 
intestine which was carefully returned to the peritoneal cavity after the operation 
the small abdominal incision being closed 

A slight increase of respiration was soon followed by a fall in the rate per minute 

The heart was greatly accelerated, the increase m number of pulsations amountmg 
to over sixty per minute The blood-pressure which had remained fairly constant for 
two hours, rose considerably at the commencement of the third hour After ligation 
of the vagi the pulse became even more rapid and the pressure higher There was 
not, however, a very marked slowing of respiration Death as usual was due to cardiac 
failure. 

In the experiment quoted, death of the animal occurred suddenly after dilute ether 
vapour had been re-administered for a short time ; the respiration outlasted the 
cardiac contraction. This result, or, short of it, a great and sudden fall m the blood- 
preasuro, we have seen produced on several occasions by ether, when administered 
after large doses of the drugs contained in our series, even when the previous 
administration had been altogethei unattended by any unusual effect of this 
character. 


Gat, 8 lbs. Cannulse in Carotid and Trachea. Vagi prepared on loose threads. 


f 




Remark** 


m 


•.26) 


tjectsd 5 minima monoiodobeirzene into a loop 
©f intestines. Rise of 4 millnns at time of 
and more permanent elevation of 

2 miihms 

* * • ' t . n 

Injected 15 minims as before 


Injected 20 minims as before 
» 



_ 30 minims m before 

Bfispiimtion feeble. . „ . 
find laffc vagaat Rise oi 24 nnllims., then fall 
fesfepadna] then sapid, to 48 After which 
&«m®M recovery oeenrred. ligatured right 


#%+ 29) 

ether.. Blood-pressure fell to within 
M BdSiMs of abscissa, and in spite of artificial 
respiration beig^r caatried on in addition to 
spontaneous the heart did not 

*mwme itself 


Pnlse for 

1 minute 

! Blood- 
pressure 

Respiration 

132 

110 

25 | 

204 

' 

108 

26 

180 j 

110 

20 

204 

124 

25 


: 140 


240 

150 

' 20 
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Tracings of the pulse by Fick’s Kymograph Action of Monoindoben?ene 


a 


r\ r, A A A A, A, /\ 

V v \/ V v V V \ 


Fig 26 Time 0 Pulse before injection of monoiodobenzene 


b 



Fig 27 68 111 after first injection and after 20 minims m all of monoiodobenzene have been injected 


aAA 

/ \ V \ 


V V \A A A AYVV V\ “■ A A A A' 

^ v' v v * v J \, V V - 


Fig 28 163 m after first injection and after 70 minims m all have been injected 


d 



Fig. 29. 203® after the first injection Both vagi have been divided. 


Methylbenzene ( Toluene) 

When injected subcutaneously this substance causes a rise of blood-pressure, 
succeeded by a fall The pulse is greatly accelerated In the first instance the 
respiration is somewhat accelerated. 

Intravenous injection accelerates the respiration at the same time that it reduces 
the blood-pressure and lessens the pulse-rate, the beats becoming irregular and fused 
without a complete diastole intervening. This depression of the blood-pressure is to 
some extent central, as there is a great rise after vagotomy, and the pulse becomes 
very rapid. The respiration was not so greatly slowed by this operation as is usually 
the case. 

In the experiment we shall quote, death appeared to be due to pulmonary oedema. 
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Cat, 7-J lbs. 


t 

Time ’ 

Remarks 

! Pulse for 

1 1 minute 

1 

Blood- 

pressure 

Respiration 

minutes 1 





0 


118 

122 

26 

12 

Injected 12 minims rnethylbenzene snbcu- 

1 



25 

taneously 

Fluctuations appear m tbe blood-pressure tracing 

i 



30 

which are not of respiratory origin 

164 

134 


Ether abolishes these ... 

i 


28 

45 

Injected 20 minims subcutaneously 

| 



60 

^ « * * • a 


120 


55 

Wares now reappear. . , 

1 156 

112 


78 

Injected 2 minims in 2 ce salt solution into 

1 



1 

l 

85 

femoral rein. Wares become more marked; 
they are abolished by ether, which lowers 
blood-pressure 

1 

1 



Injected 5 minims m 10 c c salt solution At 




92 

once a rase of 7 millims., succeeded by wai es 
fluctuating from 04 to 108. (Fig. 30) 




These wares are abolished by ether 



1 

100 

Injected 8 minims ns before . 

* f 

110 


103 

, Irregularity m pulse beats, which tend to form 




113 

! pairs without complete diastole intervening 
Irregularity of pulse disappeared Well sus¬ 

i 

- 


! 

115 

tained double summit, second somewhat 
lower than the first 

119 

99 

40 

; Injected 8 miiums as before . 

* 

98 

j 117 , 

Pulse irregular, with abortive systole preceding j 




120 

strong contraction of ventricle Cut vagi, 
pulse and pressure rise. (Fig. 31) j 




* • * • * * 

144 

114 

21 

128 

Injected 10 minims rapidly 

16S 

44 

18 

132 

♦ 

136 

72 

8 

135 i 

• * * * -a * 


58 

138 

I J 

About 20 cc of bloody serous fluid has come 



;; 

from cannula m last ten minutes Animal 
died of suffocation 





P»«Aiitorir»—Both sides of heart (contain blood) m diastole. Bight enormously distended Lungs 
rery cadematons throughout, rosy red. 


Dimethylbenzene (Para). 

When injected into a loop of the intestine which was then returned to the 
peritoneal cavity, *w%Ibettsa» somewhat lowered the blood-pressure and slowed 
both respiration and pulse k the first instance, subsequently the respiration became 
snore rapid, the pulse nearly as rapid as it had previously been. 

Small doses, 2 minium (largely diluted) injected into vein caused a transitory rise 
tfyeemra. larger doses of 4 to 8 minims, also largely diluted, caused at once a 
Seancoeerted by a stow return of the pressure to tbe former level ' 

iSS? ^««pi«a&n tended to occur. After vagotomy in the experiment recorded, 
bmm much accelerated, the pressure rose, and the respirations fell from 



Methylbenzene 
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Fig. 31 Sb® 1 to 120 m Sliowmg the result of mtinvenous injection of 5 minims slowly/ then of 8 minims of moflijlbenzene/'* and, I isfly, of 

8 minima immediately followed bj xxx section of the vagi (see Tiacmg 80 on quick cjlmdoi). 
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16 to 10 per minute. The succeeding injection of 10 minims completely paralysed 
respiration. The heart continued to beat so long as artificial respiration was kept up, 
and then failed. 

Po^t-mortem .— In case quoted, showed great pulmonary oedema. 


Action of Dimethyl benzene on Circulation and Respiration 



Fig. 62. Quick drain. 'Tb»® 0. Normal poise 
resinratikm. * 



Eig 33 Pulse and respiration 62 m 




Time 99 211 The vagi have been divided 
of quick dram 6Tmillims equal to 5 s 








Action of Dimelhylhenzene on Ononlation ami Rcspmitimi 
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occuis on suspension of artificial respiration All 
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f, 12 


Cat of 7 lbs Dimct hylbenzene Animal in Warm Box to maintain Temperature 


1 


j Time 


minuter 

0 

m 

30 

50 

02 


65 

i 67 
1 69 

I 

70 

76 

77 
87 


95 

96 


98 

1 100 

i 

\ 

| 115 

1 116 

118 
1 23 


Remarks I 

* i 

. .. _ . 

-- , 

1 (Fig 32j . 1 

1 Injected 6 mimms dimethyl benzene luto intestine | 

Respiratory waves well marked in manometer , 

i Very distinct wave in descent has developed 
itself, though it was already discernible at j 
; 30“ to a lesser extent (33) __ * J 

j Ether canses fall of pressure of 33 raillims i 

• * * j 

Injected 2 mimms suspended m 2 c c salt j 
solution into femoral vein 
Rise of pressure of 8 millims succeeded by fall I 
to such level 
j Rise to 

1 Injected 4 minims m 2 c e salt solution - 
j Systole sharp* and shows a second summit in 
, descent of curve . 

I 

Injected 8 n rmim« suspended m 4 c c salt I 
solution ! 

1 Blood-pressure falls very rapidly (34) Both j 
! vagi divided (35) 

Prolonged pause in inspiration Pressure rises 
I rapidly 

* * 1 
Injected 8 minims in 4 c c salt solution At , 
once a fall (36) ] 

All attempts at respiration over 
Artificial respiration raises blood-pressure; when ; 
discontinued, death results. Pulse good till [ 

I artificial respiration discontinued j 


Pulse for 

1 minute 

Blood- 

pressure 

Respiration 

192 j 

144 

25 

168 

14U 

20 

• 

136 


168 

131 

27 


128 



130 


** 

104 


158 

120 

23 

• 

I 121 

l 


140 

f 

[ 

64 

21 

170 


10 


143 


- 

13 



50 



Post-mortem —Some very dark blood m right ventricle A little m the left ventucle No clots here 
nor in the pulmonary artery. Langs congested; contain much cedematous bloody fluid 


Trimethylhenzene (l 2 : 3). 


Injected under the skm trimethylhenzene causes at first a slight fall in blood- 
pressure, a decrease in the number of cardiac contractions, and an acceleration in the 
respiration. The pulse then tends to quicken as a set-off to the reduced pressure, and 


ton 


Injections of small ^largely diluted with salt solution) into the 

vein cans® a^^^p^^M#^*^fe^^pressure, an acceleration of both respira- 
A® tol pulse, but tins acceleration is only temporary. The fall of blood-pressure 
J&ore marked as the amount of the drug in the circulation in creases 

‘ 35 ^ experiment quoted, rapidly raises the blood-pressure 

aTl acceleration of the pulse being well marked The respira- 
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lion is reduced bo half its previous frequency, the long pause m inspiration 
characteristic of vagotomy being well marked After further injections the respira¬ 
tion became much embarrassed, a bloody cedematous fluid running freely from the 
tracheal cannula. 

After the last injection spontaneous respiration ceased and artificial respiration 
failed to raise pressure, death ensuing 


Cat 8 lbs Tnmethylbenzene 


Time 

Remarks 

Pnlse for 

1 minute 

Blood- 

pressure 

Respiration 

minutes 

o 

(Fig 37) 

204 

142 

36 

8 

9 

15 

Ether causes fall of blood-pressure 

Injected 3 minims tnmethylbenzene subcu¬ 
taneously 

180 

142 

33 

30 

35 

i 

Injected 30 minims 

Distinct second summit after active systole of 
heart 

168 

134 

48 

53 

(Fig 38) 

192 

134 

31 

72 

Injected 2 minims m 2 e c. salt solution into 




80 

82 

femoral vein 

Injected 6 minims m 6 c c salt solution 

♦ « » m 

162 

112 

42 

90 

Injected 10 minims in 5 c c. salt solution 

. 

126 


92 

* « *• 

108 

66 

33 


Divided both vagi 

168 

m * 

25 

100 

Indications of second rise m pulse very faint. 
Long inspiratory pause 

180 

158 

13 

122 

, t „ *• ** 

♦ * 

139 


323 

* 

Injected. 10 minims tnmethylbenzene in 5 cc 
salt solution into vem Pall of 18 milkms. 
blood-pressure. Respiration becomes very 
laboured Fluctuations of pressure Red- 1 
tinged cedematous fluid begins to run into 
tracheal cannula, and secretion of this is soon 

i 

I 

f 

: 

135 

so rapid that animal threatened with suffoca¬ 
tion 

(Fig. 39, slow drum, shows coarse of pressure 
to end of experiment) 

i 

I 

* * 

\ 

111 

i 

I ; 

140 

(Fig 4©) ... . . . ; 

204 

110 

12 

145 

Injected 20 minims in methyl benzene „ . 

* * | 

88-100 


148 

Artificial respiration fails to raise pressure. 
Death . . . . . . 

* 1 

12 



Post-mortem .—Right heart in diastole. Left in systole* Longa are congested and ce&emateus 
There is a soft dbfc in pofmonary artery Kidneys are fatty, congested. 



Action of Tnmethylbenzene. 


614 


DRS T L BRERTOR AND J T CASH OR THE CONHECTIOR 




”3 

O 

■"d 

i-i 

> 

rl 

*"3 




o 


> 

c3 


8 

g 


cr 




£[ 


M 

H 


o 


bJD 


to 

ifl 


II 



o - 

^ O 

o DC 
■+3 “■ 


<3 




^ a H 

O 00 
io cq 


<D 

g 

E>3 

Pi 


co°£ 

CO S’P 

o 

fcjo-£ g 

f-> 



w 

v © Pi 

Pg 

JC-» a 
bp* 

PR 


Time of quick drum, 31 millims. 






BETWEEN CHEMICAL CONSTITUTION AND PHYSIOLOGICAL ACTION 615 


Ethylbenzene. 

When injected into a loop of the intestine, which was subsequently returned to the 
abdominal cavity, ethylbenzene caused some increase in blood-pi essure and also 
acceleration in the speed of the pulse A prolonged inhalation of ether reduced this 
high pressure to or below the normal. 

Small doses, 2 to 8 minims, injected into a vein raised the blood-pressure, but 
larger ones, 5 minims, greatly reduced it, whilst the respiration became much 
accelerated The dyspnoea produced by each intravenous injection soon subsided. 

Section of the vagi only caused a feeble and giadual rise in blood-pressure and 
produced a very faint acceleration of the pulse. The speed of respiration was reduced 
to one-half. The respiration and heart both tended to fail, occasional pauses in the 
former occurring. A few respiratory efforts were made after the heart had stopped 

Cat of 8 lbs., anaesthetised by Ether. Cannulas in Eight Carotid, Trachea, and 
Femoral Vein Vagi prepared A Small Loop of Ilium Ligatured and Returned 
to Abdominal Cavity. Usual anangement of apparatus. 

0 m Onginal blood-pressure 138 tmllims. Respirations 14. Poise 168, there is a considerable 
pause in inspiration, breathing appeared to be for feme altered, owing probably to irritation 
of vagi (Pig 41.) 

10 m Injected 10 minims ethylbenzene into loop of intestine. 

IS®. Blood-pressure has risen to 140, but rise rapidly reduced by administration, of ether 
17“ Blood-pressure 120 to 149 (great variation owing to respiratory waves) Respirations 18 
(assuming a more normal form) Pulse 192. 

39 m Blood-pressure 137 

Injected 1') minims ethylbenzene into ligatured loop of intestine 
35 m Fig 42 

42 ni Blood-pressure rose rapidly to 144 millims Fell slightly and again— 

50 m Rose steadily to 143 

55® Ether reduced the pressure rapidlj to 117 

62 m Blood-pi essure 133 Respirations 13 Pulse 162. 

8C m Injected into femoral vein 3 minims of ethylbenzene, shaken up with % 0.0. salt solution 
SL m Blood-pressure rose vap idly from 117 to 127, and then fell to 119 gradually; the re pirn, ury 
waves being very extensive (Pig 46 glow dram.) 

87 m . Slowly injected 5 minima ethylbenzene, suspended in 4 e.c salt solution, (c ) 

89“ Blood-pressure fell rapidly to 62, but soon began to recover itself Respirations 40 Pulse 144 
91 m Ligature left vagus. Respirations 29 Pulse 144. (Pig. 43.) 

94“ Blood-pressure 107. 

10C m Blood-pressure mlllfma (&.)■ •> , * t 

Injected o nassaaig «4&jpb«s»ese ia S «A, 

102™ Blood-pressure fell to 48. 

Respirations 28. Pulse 150. The right (remaining) vagus was now tied 5 s after ligature — 
Respirations 18 Pulse 150. 

lib®. Blood-pressure only rose very slowly and partially, so that at 115® it only reached 81 millims. 
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Fig 41. Before injection of ethylbenzene. There is probably irritation of the supeiior laryngeal nerve 

provoked by preparation of the vagi 



Fig 42 35“ After injection of 10 minims ethylbenzene into a loop of intestine 



Fig. 43. 91 m . * Ligature of left vagus. Blood-pressure is low from the preceding injection of 5 Tm-m-ma 

of ethylbenzene 



’* 44. 115“. After ligature of the second vagns 



F% 45t 139“ * m* before death. Blood-pressure 42 
Speed of drum 31 millims =; 5*. 











Action of Ethylbenzene on the Cnculation 
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the next xx ot o minims (one, the left lagus ligatured, «), the last of 5 minims (the right vagiiH ligatuicd, f-f) 
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and thereafter declined Respirations 7 PnRe 150 The respiratory cuives became vuy 
well marked and persisted from this time to end of experiment. (Fig 44 ) 

122“ Blood-pressure 74 millions. 

Injected 5 minims ethylbenzene mice, salt solution 
125™ The succeeding fall has not been so extensive as formerly, it has now reached 52 millims 
130® Respiration ceased for 2®, its curves m fee blood-pressure of coarse disappearing 
132® Respiration recommenced 
134® Respiratory carves reinstated 

Blood-pres^nre 40 millims Respirations 7 False 150. There is a much longer pause m 
expiration than before at 115® The fluctuation of blood-pressure holds a somewhat different 
relationship to the respiration, fee maximum corresponding closely wife active expiration, 
whereas before (115®) there was a much more distinct rise before the inspiratory pause had 
terminated. 

Id?)® (Fig to) 

140® Injected 5 minims ethylbenzene quickly Fall of pressure very slight, respnation slowed 
145® Blood-pressure 34 Tmffim e- 

14$®. 5 minims ethylbenzene injected rapidly caused death in a few mmnfces. 

Respiration outlasted fee heart’s action. 


(Resorcin.) (l .3.) 

As in the ease of experiments made upon lower animals, we confined our attention 
to reseorem when studying the action of metadioxybenzene upon Carnivora (Cats) 

Brieger (‘Arch. £ A mL u. Pbys./ 1879, Sup.-Bd.) lias shown that rescoicm is 
not only weaker in its action upon Frogs than its isomers, pyrooatechm and hydro- 
chin on, but that this difference obtains with regard to Rodents He found that 
.5 grm. of pyrocatechin was fetal to a Rabbit in 30 minutes, which had survived a 
dose of 1 grm. of reseorem administered some days previously. 

We have carefully examined the action of the drug administered subcutaneously 
and fey injection into the peritoneal eavity. 

Injection int® the €1this purpose a 5 per cent solution was 

*aade by aid of warm salt &£&&&&. * 

Small doses, 75 c.c., and 2 C.G., had hut little effect upon blood-pressui e A 
s%ht fell of prepare trnawAg to 4 t* 10 mj fe na vm produced, but from 
this recovery took plaee to A sonskfeaye extent, though on repeated injection a 

nmnunftni Twdiv*fcimi ¥*« « L_* x£_i - _ «* ^ •, ■, . 

had. been injected 
to 110, or through 
the respiration was 
tPere produced 
>ns of the pulse and 
Hoses were therefore 


in all (*38 grm. 
16 millima only, 


Section of the vagi 




~w - ■■■ ir $■ ' i'"' " T w; r -» ^^wjeed no appreciable 

^ teen miected. dis^nefc lerkimv of tho Pvtw»mitTAc WO o 
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noticed m 15 minutes, but this jerking was abolished by deepening the anaesthesia 
Tins hist injection, after causing a slight acceleration of lespiiation, pioduted a 
steady hill of 5 per minute, and reduced the pulse by 34 per minute The blood- 
pressure fell 14 millims The jerking which takes place m the muscles of the tiunk is 
Itself a factor in producing dyspnoea, as it makes the emptying of the lungs irregular 
and hinders their expansion So much is this the case that the rhythm may vaiy 
8 or 10 per minute, according to the depth of anaesthesia When the animal is 
deeply narcotised, the lespiration becomes slow, though often irregulai, with a 
prolonged pause m inspiration, jerking being abolished An acceleration in respiration 
was observed every time that the anaesthetic was relaxed, whilst the returning 
muscular contractions greatly interfered with the act The jerking occurred when the 
animal was entirely unconscious from the action of the ether, and even when the 
narcotic action which the drug itself causes had been slightly reduced, but under the 
deeper action of resorcin a condition of narcosis occurred, m which jerkin g was only 
very feeble 

There is little doubt, we think, that ether greatly prolongs life m poisoning with 
resorcin, by reason of the power it possesses of relieving and steadying respiiation 
In the experiment we are about to quote, we administered to a Cat of f> lbs. no less 
than 3 grms of reseorcin in the course of 3 hours, and at the expiration of 5 hours, 
when the experiment terminated, the blood-pressure was still 74 milhms. 


Dioxybenzene on Blood-pressure of Cat. Cannula in Trachea Cannula m Bight 
Carotid Artery. Marey’s Tambour on Chest. Ordinary Connection with Mer¬ 
curial and Tick’s Manometers. 

0 s * 0™. Experiment commenced 

30™ Blood-pressure vanes from 120 to 128 millims , and is ratter easily reduced by ether The pnise 
averages 184 and tte respiration 42 per minute (Eig 47 ) 

35® Injected 1 grm. of resorcin dissolved in 20 c c salt solution subcutaneously 

48®. Jerking of muscles of limbs and trunk has commenced Blood-pressure 116 millims Pulse 
180 Respiration, 54 

A small clot formed m the cann ula immediately after taking tte tracing 

60®. Blood-pressure 113. Pulse 172 (fig 48). Respiration about 60, but, owing to jerking, 
estimation is diffi cult, Urine passed, but has no abnormal odour. Jeiking easily subdued 
by ether, and respiration reduced to 40. (Fig. 49) 

67“ Blood-pressure 110. Pulse 156 Respiration 36. 

82®, Pulse 156; appears to be unaltered by ether, whilst jerking abolished and respiration slowed 
by it 

110® Blood-pressure 102. Pulse 150. Respiration 37. 

113® Inj ected 1 grm. of resorcin in two places as above, 

128® Jerking very powerful, but disappears when deeply anaesthetised. Blood-pressure 96, 

150® Blood-pressure (94) is very steady, except for gradual tendency to fall. 

160™ Pulse 146 per minute. 

175® Injected 1 grn%> of resorcin in two places as above. 

4 K 2 
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183® Blood-pre^suro 0j imlhms. Puj^e 140 Respiration 40, irregular 

l f n ro Blood-pressure 90 Pulse 1«>8 (fur 5H) Respiration 30, pause in inspiration 

At this time the temperature in the rectum was reffnoed to 29 J 5 C, though the laboratory 
was warm and the animal had been kept carefully covered by cloths 
210®. Though ethtr has been suspended for 20 minutes, the animal is completely narcotised; muscular 
jerking has greatly diminished No clotting has occupied for neaily three hours The 
respiration is superficial Pulse 108 Pressure 84 millims 
Powerful *sensi»ry stimulation of sciatic ner\e causes a rise of blood-pressm e of 4 millims , but 
on second application had no effect 

?45 m Blood-pressure 76 Pulse 108 The respiration is feeble, and is still marked by the twitchmgs 
of thoracic muscles 

270® Pressure 74 Pulse 96 Respiration very irregular (Fig 51 ) 

475® Both vagi divided 

278®. Pressure 66 Pulse 90 Respiration 14, extremely feeble and failing 
285® The experiment was now terminated 


Trioxybenzem (1:2-3, Pyrogallol ) 

Ab this is a soluble salt, no mechanical difficulty was found in its administration. 
A 10 per cent, freshly-prepared solution was employed, and the desired dose of this 
was largely diluted with salt solution, for the purpose of subcutaneous or intravenous 
injection. 

Subcutaneous injections of *065 giro. were not succeeded by any great change in 
pulse or blood-pressure beyond a slight slowing of the former and fall of the latter. 
The respiration, however, was distinctly slowed 

Intravenous injections of amounts varying from 033 to 065 slowly made into the 
femoral vein, were rapidly succeeded by a marked rise of 6 to 13 millims of pressure; 
this rise, after persisting for 2 to 5 minutes, was followed by a fall to the previous 
level. The cumulative action of the drug was shown by a gradual, but steady, fall of 
pressure after a total dose of *12 grm, had been injected. 

larger doses of *4 and ’6 grm., well diluted and slowly injected, caused also a 
rapid rise of pressure; but this rise quickly reached its maximum, and the pressure 
fell much below the previous level. During this fall respiration was very slow, a long 
pause in expiration being succeeded by a rapid and incomplete inspiratory movement 
The heart beat only at the rate of 19 per minute for some time after the large injection; 
the systole was sharp, and succeeded by what appeared to be a second feeble contrac- 
t*o$S passing into,a prolonged diastole. As the immediate effect of the drug passed 
thfe Second cardial siM #?bfoped still further, so as to give a bigeminal 
to,the pulse, and giads^Iy the; previous rhythm was restored After 
grin, m aS had bean injected, in the experiment quoted, the blood-pressure 
the respiration declined and ceased simultaneously with cardiac action, 
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Action of Dioxybenzene I 3 Resorcin 




Time 60 m I grm of Resorcin injected 25 m previously 


••••• ' - ' ■ " ■ • 


c 

r \ 

/■ * 

w’ " ’ 



Fig 49 Time 62™ Deep anaesthesia 



Pig 50. Time 195“ Three grms. of Resorcin have been injected 



Fig. 51. Time 270** 
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Cat of 7 lbs Ether was used as an Anaesthetic Animal placed in Waim Box 
Cannulas neie placed in the Right Carotid, Femoial Vein, and Trachea 
Immediately after placing the animal in position the Heait suddenly failed, 
though hut little Ether had been given, and Pressure fell from 134 to 22 
Artificial Respiration restored Animal 


Time 


mimitrs 

0 

17 


m 

jSki 

n 

t 

70 

80 

82 

90 

105 

110 

112 

115 

118 

m 

im 


Remaik 1 - 


m 


140 

ISO 

158 

179 


(Fiff. 52) . .... 

Injected 10 minims of a 10 per cent solution of 
tnoxybensene 


Much tremor of bind kgs 

Biood-presaare rise® under ether Respiratory 
blood-pressure waves become very large 
Injected 2 minims diluted with 2 c.c. salt solu¬ 
tion. Rise of 5 milbms. in the pressure 
Injected 5 minims, 10 per cent, solution 
Blood-pressure risen 0 miHima., falls rapidly to 
former level 

Clot for down in right carotid artery. Insert 
cannula into left carotid. (15® lost) 

Injected 10 minims of a 10 per cent, solution 
as before (fig 53) .... 

Both vagi divided. Sc nse of blood-pressure 
(fig. 52) . ...... 


1 Injected 10 minims ef a 10 
Jefore (fig 54) . . 


as 


Injected 1 grm. in 3 e.c salt solution Rase of 
j 1$ milkms. suooeedad by fall ...... 

f *4 grm. in kzge acdatkm (%. 54, d*) . 

Pfteimre bunas to rise aettin . 


* ¥ * Jk y 

55). . . . V *' * 


+ v v 

- » * 


stepped Fear some time before 
was no indication for ether 


Pulse foi 

1 minute 

Blood- 
i pressure 

i 

i 

Respiration 1 

180 

124-130 

| 32 


121 


+ ♦ 

102 

i 

. 1 

158 

| 94 

24 I 

181 

i 102 

j 

\ 

i 

15 ( 

' 

1 

t 

156 

[ 

93-106 

i 

1 24 

1 

156 j 


I 23 

* • 

84 

i 

\ 

i 

1 


96 

f 

150 

64 

l 19 

157 

7b 

17 

156 

* * 

19 

165 

76-82 

23 

* * 

51 


10-73 

79-22 ; 

3-6 

168 

36 

11 

» * 

S3 

, 


Pati-morton* —-tjungs pale Heart in diastole ; cm cutting much dark blood escaped and ventricle 

Bsttetfoea pale, peristal active Kidneys congested. 







Action of Ti lhydroxybenzene 1 • 3 Pyrogallol Experiment on a Cat 
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Fxg 55 Quick drum Tiacmg taken at showing gieat slowing and liicguluirfcy of the heart succeeded 
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Amidohenzene (Amlin) 

Many experiments were made with this drug, the mode of administiation being 
varied. 

Intravenous injection produced a slight rise of pressure, when \ minim of amlm 
largely diluted was employed; when the dose was increased to 2 minims a much 
more distinct rise was observed. 

Large doses of 1 c c caused a marked fail of blood-pressure When introduced 
subcutaneously, or into the stomach, no rise of blood-pressure was observable, though 
the fall was slow in developing. In one case of subcutaneous administration of 
1*25 c.c. in one dose to a Cat of lbs although death resulted in 2 hours 
10 minutes, the fall of pressure during the first 40 minutes was quite insignificant. 

After absorption has taken place to some extent marked tremors develop, and even 
of the trunk and limbs, which disappear when the narcosis is rendered very 
de^ffc / *Ebe vagi remain active till the last. 

is greatly slowed and a long pause occurs in inspiration. Section of 
vagi at this Age has an additional effect in slowing the breathing. 

fhe heart is at first somewhat slowed, hut is quickened before death. A systole is 
succeeded by a diastole which is often cut short midway by a second systole, such a 
rhythm, consisting of a bigeminal systole alternating with a single beat, was m one 
mafomm persisted in for a considerable time. 

pht production of Tra use's curves was observed several times as a result of the 
of anilin ; these curves were reduced in extent, but became moie 
on exposing the intestines to the air. 

Aifter • death the irritability of the muscular tissue was found to be gre 
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Cat of 6 lbs Subcutaneous injection. 


Time 

Remarks 

Pulse for 

1 minute 

Blood- 

pressme 

Respiration 

minutes 





0 

(F^g 56) . . . 

216 

145 

25 

20 

Injected 10 drops amidobenzene 




28 

m * 

216 

145 

18 

45 

Injected 10 drops amidobenzene 




56 

Character of pnlse changed, a distinct second 





wave m descent appearing (fig 57) 

204 

137 

22 

82 

Ether causes fall of 38 milhms 




85 

Same character of pnlse as at 56 m , though 





showing higher tension No more amido¬ 
benzene has been injected . . 

214 

130 

30 

90 

(Fig 58) 




100 

Steady fall of blood-pressure (fig 59) 




112 

Inject 20 drops as before 




116 

• * * » 

212 

100 

28 

145 

Periodic rise of blood-pressure, corresponding 





with powerful inspiratory movement with long 
pause m inspiration Pnlse shows peculiar 
variation m second notch of descent (fig. 60) 
Slow drum ... 


60 


155 

Both vagi now divided. Temporary nse of 





pressure. Curves persist (fig 60) 




170 

Rise of pressure consonant with deep inspiration 




' 

already mentioned Sinking of pressure ; 

occurs as soon as inspiration relaxes The 
other inspiratory jerk appears to be abortive . 

200 

•e- ■* 

13 

180 

After long inspiration has relaxed, there are few 




: 

rapid inspiratory movements, and these 
become more seldom till the next deep inspi¬ 





ration .... 

a * j 

40 


190 

Curves persist. Pressure declining very slowly 

j 



200 

Stimulating sciatic raises blood-pressore very 





slightly, 4 milhms (fig 61) Stimulating 
vagi lowers blood-pressure slightly (9 millims ) 

* » 

34 


215 

Opened abdominal cavity and exposed intestines 





thoroughly, mesenteric vessels are found to be 
contracted (fig. 62) Exposure destroys the 

| 




marked waves which have so far existed, 
though respiratory waves appear, the pressure 
does not rise as before 

I 

■ 

196 

30 


227 

♦ » * * • • * *» ■ 

174 

22 


250 1 

A further attempt at respiration still observed . 

t 

i 

0 



Pod-moriem ..—Intestines very empty of blood, no peristalsis Hardly any local contraction or stimu¬ 
lation. Both sides of heart dilated with dark blood. Lungs very pale and pntty-Kke in appearance. 
Muscle gave only very feeble tetanus to direct and indirect stimulation 
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before injection. 



Fig 62. 218 m Shows respiration and its effect on blood-pressure 
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Nitrobenzene. 

Small doses \one to two minims of nitrobenzene) cause a slight fluctuation in blood- 
pressure usually m the direction of a fall ; larger doses, 4 to 10 minims, cause a 
marked fall of blood-pressure. This fall, from which the recovery is only very 
gradual, is associated with great slowing of the pulse. When the vagi are divided 
during such a condition, a marked rise in the frequency of the pulse with elevation of 
the blood-pressure takes place, but a repetition of the injection may even then cause a 
distinct fall of pressure and slowing of heart 

The respiration was not found to be markedly affected in rate, the experiment 
quoted shows limit of variation of 8 per minute up to the time of division of the vagi ; 
a marked acceleration occurred before death, however, even after vagotomy, and the 
respiration distinctly outlasted cardiac systole 

The form of the pulse was modified throughout by the action of nitrobenzene, the 
systole became slower and more gradual with a sustained maximum, whilst the 
diastolic relaxation was distinctly prolonged; this pulse can be scarcely considered 
indicative of a peripheral relaxation of the vessels, though, presumed a certain amount 
of pulmonary obstruction, which the post-mortem appearances seem to justify, the 
venous congestion may have served to mask the change in the arterioles. 

Administration of 62 drops in the course of 3 hours of nitrobenzene was fatal to 
the animal in question. 

This benzene compound is certainly one of the most active we have examined with 
reference to its action upon the heart. 


4 Sr ^ 
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Cat of 7 lbs. Usual arrangement of apparatus 
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Pig 66 At 112 m (27 mnnms in all previously 
injected) 
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Comparative Action of Benzene and its Compounds on Respiration, Blood- 

Pressure, and Pulse 

Resjnration. 

Bemene and the Halogen Compounds. 

An alteration of respiration was an early effect of the drugs This acceleration has 
been observed to vary in degree with the different bodies. 

Intravenous injection of aromatic benzene caused a slight acceleration, but ulti¬ 
mately a great slowing of respiration, whilst subcutaneous injection caused from the 
first a steady decline Monochlorobenzene produced a very decided acceleration of 
respiration, by whichever way administered, followed by slowing, and m all the 
experiments made* respiratory arrest was not the immediate cause of death Mono- 
hsomobenzene caused also marked respiratory acceleration in the first instance and 
then depression, but the respiratory movements outlasted cardiac systole 

Monoiodobenzene was not so active in causing acceleration, nor was the retardation 
of respiration by any means so marked as with the other halogen compounds 
In all cases the greatest acceleration occurs after intravenous administration. 


The Compound Benzenes possessing Alcoholic Radicles 

Methyibewme, whether by intravenous or hypodermic administration, accelerates 
the respiration in the first instance and then slows it. Pulmonary oedema was 
induced probably from capillary embolism caused by the compound m the lungs. 

JAme^imwem acts powerfully also on respiration. A short period of slowing 
followed internal absorption of the drug, then an acceleration, and ultimately, 
however the respiration became greatly slowed. Pulmonary oedema 

UiiioM % m&ayenoue injection, but artificial respiration was capable of 

prolongfBg the heart besting moteaMy well after all natural attempts at 


by intravenous and hypodermic injection, produced an accelera- 
of then a slowing which was stall further increased after vagotomy. 

Ifeath occurred here also from pulmonary oedema and arrest of respiration. 

Mk^hemem likewise accelerated respiration, and this to a considerable extent 
wtoi intravenous injection was made, though recovery towards the normal tended to 

i^^^^^^owever, failed h^S^-^^iratiorL 


C^esemn),—Hypodermic administration slightly slowed the respira- 
^ ‘ pnodimed, apparently as a result chiefly of jerking of the thoracic 

as it is to a great extent removed by deepening the 



BETWEEN CHEMICAL CONSTITUTION AND PHYSIOLOGICAL ACTION 631 


anaesthesia A marked sloping of the respiration was ultimately caused by resorcin 
The respiration tended to cease somewhat before the heart 

Pyrogallol 12 3 —Appeared from the first to slow respiration, this letardation 
being specially marked after intravenous injection. A tendency to an expiratory 
pause was observed 

Respiration ceased simultaneously with the heart 

Amidobenzene caused some acceleration of respiration with changes in its character, 
succeeded by a decided slowing The re&pnation was greatly reduced by double 
vagotomy. 

Feeble respiration occurred during fall of pressure, and thoracic movement slightly 
outlasted cardiac contraction 

Nitrobenzene did not greatly affect respiratory rhythm, though ultimately some 
slowing with long pauses in inspiration supervened. Double vagotomy caused a 
marked slowing, but on further injection the respnation again became rapid and 
outlasted the pulse. Some oedema of the lung was found after death 

Pulse and Blood-pressure. 

Aromatic benzene produced in the first instance but a slight effect m the direction 
of raismg the blood-pressure and slowing the pulse, with a tendency to nregulauty 
and incomplete systole. Section of the vagi was followed by a rise of blood-pressure 
with cardiac acceleration Death was due to cardiac arrest. 

The Halogen Compounds 

Monochlorobenzene showed considerable activity in the eailier part of its action, 
in raising the blood-pressure and accelerating the pulse. Cardiac arrest was the 
cause of death. 

Monobromobenzene in small doses subcutaneously, and in small doses slowly injected 
into veins, caused an elevation of the blood-pressure with some acceleration of the 
pulse. Both these effects were weaker than after monochlorobenzene. Rapid 
injection of even a small quantity occasioned a marked fall in the pressure. Death 
was due to cardiac arrest. 

Monoiodobenzene caused marked cardiac acceleration of the pulse after intestinal 
administration, the pressure also rising. An increase of pressure and pulse rate was 
produced by vagal section. Death was due to cardiac failure. 

Methylbenzene .—A marked acceleration of the pulse with a rise of pressure resulted 
from the earlier action of this drug. Large doses reduced both and rendered the 
pulse irregular. The pulse was accelerated by vagotomy. Cause of death, 
pulmonary cedema. 

Dimethyibenzene .—Whilst intestinal injection of this drug reduced the pressure to 
a slight degree, intravenous injection of the emulsified body in very small doses 
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produced a very slight rise of pressure, whilst doses of 4 minims and upwards, even 
freely diluted, caused a marked fall. Larger injections reduced blood-pressure, but 
the heart outlasted respiration. 

Trimethylbemene .—Small doses, both by hypodermic administration and intravenous 
injection, slightly reduced the pressure, whilst an acceleration of the pulse was observ¬ 
able. The pulse by the former method was slowed, by the latter somewhat accelerated. 
Section of vagi raised pressure and accelerated the pulse, after the period of depiession 
had been produced This appears to be the most active of the methyl compounds 

Ethylbenzene ,—In small doses, both by intestinal and intravenous administration, 
this drug caused an elevation of blood-pressure and acceleration of the pulse Large 
doses produced a rapid fail of pressure with slow recovery. This effect was to some 
degree central, as division of the vagi caused some rise and acceleration. 

Dioxyhenzol (Resorcin ),—Caused some fall of pressure and slowing of pulse, hut 
neither effect well marked except with very large doses A great slowing of the 
puke ultimately ensued, 

Pyrog allot .—Small doses to some extent reduced pulse and blood-pressure Injec¬ 
tions were succeeded by a rise, which suddenly gave place to a considerable fall from 
which recovery was comparatively slow. The pulse became very slow, of irregular 
rhythm and peculiar form. 

Amidohenzene (Anihn ).—From the subcutaneous cellular tissue and the stomach 
this compound produced a slowly developing fall of pressure, the heart being slowed 
Intravenous injection, however, caused a rise of pressure if the dose was only a small 

^ minims. After a single large dose, or repeated small doses, a great fall in 
pressure took place. 

Nitrobenzene .—Small doses caused a fluctuation in the blood-pressure usually m the 
dueefaGn of a fall Large doses greatly reduced the pressure and slowed the pulse. 
BeotMm of the vagi during the effect caused a rise and acceleration, but further 
injection earned a fall and slowing. Death was from cardiac failure 
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[Plates 40-43 ] 


The present paper contains the results of the chemical and bacteriological examination 
of sewage, with the object, in. the first place, of ascertaining the species of organisms 
therein contained, and, in the second, of determining some of then- chemical charac¬ 
teristics. 

Of late years attention has chiefly been paid to the study of pathogenic organisms, 
whilst the far more numerous class of saprophytic oiganisms, which, although not 
associated with disease, nevertheless play a most important part in nature, has only 
been examined by a few investigators 

The great progress which has recently been made in our knowledge of pathogenic 
processes from a bacteriological point of view is, to a great extent, due to the method 
of plate culture on solid media, proposed by Koch, whereby it is easy to obtain pure 
cultures, so that the study of the life-history and functions of the innumerable micro¬ 
organisms occurring in nature thus becomes possible. 

The authors have isolated from crude sewage, by methods afterwards described, a 
number of organisms which may serve as typical examples of those usually present 
in sewage. Some of these have already been described, whilst others are believed to 
be new organisms. All the organisms described m this paper were isolated from the 
crude sewage flowing into the sewage works at Acton, London 

The microscopic and macroscopic appearances of the organisms and their pure 
cultures have been carefully recorded by means of photographs, which give in a 
permanent form their morphological characters, and the appearance of the plate and 
tube cultivations in their most characteristic stages of growth. This method of 
exact illustration the authors consider to be of much importance, as bacteriological 
descriptions of organisms arefrequently of little value owing to the absence of accurate 
representations of the microscopic preparations and pure culture®. 

MECCCXCL—B, 4 m 
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The experiments hereinafter described were undertaken with the object of studying 
the reactions of sewage organisms from a chemical point of view, and of gaming 
information as to the rationale, both chemical and bacteriological, of the two marked 
changes which sewage is liable to undergo, i.e, on the one hand, purification, or the 
gradual destruction of putrescible matter without the formation of offensively smelling 
products, and, on the other hand, putrefaction. 

For this purpose it was necessary to determine which of the organisms are concerned 
in the first of these processes, and which in the second, as likewise to gam an insight 
into the methods by which such changes are effected, for this is little known. 

Pasteur, nearly 30 years ago, in his classical memoir on spontaneous generation, 
proved that certain forms of mierobic life possess the power of rapidly absorbing free 
oxygen from the atmosphere (‘Ann. Chim. Phys./ vol. 64, 1862, p 78), hut as 
the present methods of obtaining pure cultivations of such organisms were then 
unknown, he was unable to stud\ the effect of each organism separately as legards the 
absorption of oxygen. 

For all the organisms described in this paper, the authors have determined the 
absorptive power for free oxygen, when cultivated m a perfectly pure state, and also 
to which of the organisms free oxygen is a necessity of their activity and giowth 

Pasteur again, m 1863, first showed that certain micro-organisms could carry on 
their life and growth in a nutrient liquid from which the air had been expelled by 
boiling ( ! Comptes Rendus/ vol. 56, 1863, p 416), but it is very doubtful whether he 
worked with pure cultivations, as they were obtained spontaneously from the dust of 
the air. 


As it is still a point upon which differences of opinion exist as to whether micro¬ 
organisms can grow and multiply in absence of the smallest trace of oxygen, each 
organism has been examined as to its power of growth in a hquid nutrient medium 
from which every trace of free oxygen, both gaseous and dissolved, has been 
rigorously excluded. 

Pasteur further pointed out that free access of air was unfavourable to putrefaction, 
and he believed that it was occasioned by the growth of anaerobic organisms, which were 
unfavourably affected by the presence of free oxygen, and that the way foi their 
actios was prepared by another set of microbes which were aerobic, and used up the 
oxygen, replacing it by carbonic acid gas. In this relation it will be shown that the 


anaerobic org anisms , producing putrefaction, are themselves (in pure cultivations) 
capable of absorbing free oxygen with the production of carbonic acid gas, thus 
Preparing the way for their farther anaerobic growth. 

Tarioes other points of interest have appeared during the progress of the research, 
more specifically referred to in their proper place without anticipating 




pages contain detailed descriptions of the experimental methods 
the organisms found in sewage are severally described, with 
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pliotogiaphic illustrations, and conclude with a short resume of lesults and an 
appendix containing tables and minor details of methods used. 

Description of Experimental Methods Followed 

The followmg methods for the isolation of oigamsms have been used — 

(1) The method of gelatine plate culture 

(2) A method, to be described later, foi the isolation and cultivation of anaeiobie 

oiganisms 

(3) A method foi the isolation of spoie-forming oiganisms. 

(4) The dilution method 

All the cultivations, unless otherwise stated, weie made at a tempeiatuie of 20° to 
23° C as nearly as possible. 

Plate Cidtnatwns and the Preparation oj stei de Gelatine Tubes 

The exact method followed, differing somewhat from the geneial pi notice, will be 
found de&ctibed m the appendix 

Method for the Isolation of Anaerobic Organisms 

The question arose wdiether the usual method of plate cultivation, carried out, as it 
is, in contact with air, was equally adapted for the cultivation of anaerobic as well as 
for aerobic organisms, and it was necessary, in the first place, to ascertain whether 
any anaerobic organisms existed m the sewage under examination. For this purpose 
a special form of cultivation flask was devised (fig. l), suitable not only for mixed 
cultures, but also for pure cultures, m which the organisms can he grown in an 
atmosphere of pure hydrogen in absence of every trace of free oxygen 

The flask is furnished with a capillary tube e, sealed in at f for the purpose of 
introducing hydrogen. Foreign germs are excluded by a firm plug of sterile wool at g. 

When it is required to sterilise the flask and its contents before the introduction of 
pure material or sewage, the fine jet a is sealed, and the opening c, for the introduc¬ 
tion of the cultuie fluid and organisms, is protected by a sterile plug d. The whole 
is now steamed for 20 minutes on two or three successive days, and is then ready for use 

The plug d is carefully removed, and a few drops of sew’age are introduced by a 
freshly drawn out capillary pipette, after which the tube is sealed at c. 

Pure hydrogen is now passed through the liquid (nutrient peptone broth described 
in the Appendix) by means of the capillary tube e, the gas issuing by the broken off 
end of tube a , immersed in water to shut off all communication with the air The 
gas is furnished continuously by an apparatus described by the authors in the 
‘ Chemical Society s Transactions 1 for 1880, p. 561. 

After the gas has passed for half an hour, and every trace of oxygen above the 

4 M % 
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liquid as well as that dissolved* in it is expelled, the flask is hermetically sealed at 
h and h. To prevent internal piessure blowing out the glass on sealing, a little 
mercurv is run into the conical glass until a- is covered, then a tap m the hydrogen 
apparatus is opened so as to reduce the pressure, after which the sealing can be 
accomplished in safetv 

Fier 1 



Hvdrogen Flask for Anaeiubic cult cues 


With the object of eliminating all organisms which could not grow m absence of 
oxygen, a few drops of the turbid and putrescent broth from the first hydrogen flask, 
after five days’ incubation, were sown m a second flask which was filled with 
hydrogen as befoie described, and a little mateiial fiom this second flask was sown in 
a third similar flask. 

By this treatment, not only were all aerobic organisms eliminated, but on making 
plate cultures of the broth m the usual way m air, one organism alone appeared, and 
this method may be adopted for its isolation. It is described on p. 644, and closely 
corresponds to Proteus vulgaris. 


Method used for the Isolation of Spore forming Organisms 

sewage are introduced into a sterile broth tube by means of a 
drawn out capillary pipette, and the plug is replaced, * The tube is now 
into water 1 at 80° CL for 10 minutes, which treatment kills all the full-grown 
3® not sufficient to Mil the spores. The spore-forming organisms may 

either with or without previous incubation of the 



-Ttne method may be found useful in isolating certain forms 
hm proved tires. (See * Gtem. Soc. Trans.,’ 1889, p. 554 ) 
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which aie nut readily separated by plate cultures alone A few drops of sewage are 
introduced into a 50 cub centim Chambeiland flask filled with sterile water From this, 
after mixing, a drop is taken into a second flask of stenle water, and from this, again, 
into a third containing sterde broth After a few days incubation the broth is 
examined microscopically Usually not more than two distinct organisms appear, 
which aie then easdy sepaiated by plate culture In this mannei a new oigamsm 
(Anaerobic Iso. 3) was isolated, its extremely characteristic growth m broth pointing 
it out as a distinct species 

React fou of Pine Culture * toiiarch Qjcyqm, 

Foi the puipose of studying the reaction towards atmospheric oxygen, the 
organisms were cultivated in the pure state in sealed flasks containing 25 cub 
centuns of stenle broth and about 250 cub centims of aii A trace of a lecent pure 
culture was used for sowing and in each case the purity of the subsequent giowth 
was tested by plate cultuie oi microscopic observatiou. 

Fur 2 



Flasks foi Estimation of Oxygen absorbed 

The flasks were furnished with two necks as shown m fig. 2 The lateral neck is 
plugged by a piece of glass rod d, during sterilisation, and after the organisms have 
been introduced by means of a sterile platinum wire, is sealed off at b which after¬ 
wards serves for the entrance* of water, through the broken end, to replace the gas 
when it is abstracted for analysis. 

The upper neck is connected with a sterile cotton-wool plug c, which serves to filter 
the air entering the flask on cooling after steam sterilisation. This neck when broken 
also serves for the exit of the gases for analysis, after the incubation of the organisms 

After sowing and sealing off at u and b 7 the flasks were incubated at 20°-23° C. 
for seven days, after which time they were connected by india-rubber tubing filled with 
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water (fig, o, a) with a Hemal's gas burette and pressure tube surrounded 
by a water jacket to give a uniform temperature, and by b with a beaker ot w r ater 
used for replacing the gas abstracted for ana h sis. 


Fig 3 



■ 

Method of Estimating Oxj gen absorbed. 


Ob feresJfeiBg the at cs and b 3 and opening the appropriate pinch.cocks, 

the g®8 €fit$KS tbs gas-tube c previously filled with ’water, the water flowing out 
«. It Bely IWnM to ooBseei the BteoapeFs gas absorption bulbs 
® of tins attjk to force the gas ever by water pressure conveved 

A 

mfefflm miA a»d were absorbed by caustic potash and phosphorus 



but the 

purpose aimed ah The amount of 
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carbonic acid absorbed by the water was neglected, as also was the interchange of 
dissolved gases 

The results of the analyses of the gases aie appended in Table I. of Appendix (p 661). 

It will be seen that the various oigamsms exhibit gi eat differences m their 
absorptive power for free oxygen, some showing the feeblest absorption, whilst others 
abstracted nearly every trace of oxygen from an atmospheie ten times as large as the 
culture liquid, during seven days’ incubation. For comparison the results aie ex¬ 
pressed in parts of oxygen remaining and CCb produced per 80 volumes of nitiogen, 
20 volumes of oxygen repiesentmg pure air. 

On the Rate of Absorption of Dissolved Osi/rjen by Pure Cidtuies. 

For the purpose of studying the rate at which dissolved oxygen is absorbed from 
water by the various pure cultures experimented with, tap water, previously sterilised 
in the steam steriliser and allowed to cool, was fully aeiated at the temperature of 
the incubator 21-22° 0 as described m a previous paper by the authors ( e Chem. Soc 
Trans ,’ 1889, p 567). To a Winchester quart bottle of the standard aerated water 
was added 1 per cent, by volume of broth which had been sown with a minute trace 
of a pure culture two days previously, and incubated at 20-23° C. 

Preliminary experiments with an organism (Aerobic No 4) which absorbed oxygen 
rapidly showed that m thiee hours the action had only just commenced, whilst after 
twenty-one hours all but a trace of oxygen had disappeared 

cub eentrms 


Original volume of oxygen dissolved . 6* 04 

Oxygen remaining after 3 hours . . . . 5 60 

„ „ „ 21 horns. . *20 

Oxygen absorbed, 3 hours . *44 

,, „ 21 hours . 5*84 


The residual oxygen was estimated by the authors’ method (loc r cit. s p. 562) after 
an incubation of usually fourteen hours, sometimes longer. 

This period of incubation was sufficient, m the case of those organisms which absorb 
oxygen rapidly, to ensure the disappearance of all but a trace of the oxygen originally 
dissolved m the liquid The numerical results will be found in Table II. in the 
Appendix. 

Fiom the results it is seen that all the aerobic organisms which have been shown 
to absorb oxygen rapidly by the first method also completely absorb the dissolved 
oxygen in fourteen hours, whereas others which do not absorb oxygen so rapidly by 
the first method show a corresponding difference here. A blank experiment made 
with sterile broth showed a slight absorption owing no doubt to slight air con¬ 
tamination of the water during the aeration process, hut this effect is so slight as not 
to influence the conclusions. 
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The Necessity of the Presence of Oxygen for the Liquefaction of Gelatine ly 

Anaerobic Organisms 

It was noticed that the only anaeiobic organism obtained by a series of bioth 
cultures of crude sewage in hydrogen was one which rapidly liquefied gelatine at the 
surface only, and it was theiefore thought desirable to ascertam whether this surface 
liquefaction was dependent upon the presence of free oxygen, or whether the 
organism was capable of liquefying gelatine independently of the presence of oxygen, 
as it had been found to have the power of growing and multiplying under such 
conditions. 

Accordingly a gelatine culture was made m one of the flasks shown m fig 1, and 
hydrogen was passed for half-an-hour through the melted gelatine sown with 
the organism The flask was then hermetically sealed and mcubated at 22° C 

In twenty-four hours the previously clear gelatine had become uniformly turbid, but 
no liquefaction , such as takes place in twenty-four hours m a gelatine culture exposed 
to air, had taken place, and even five days’ incubation failed to produce the least 
liquefaction. After this period, air was admitted, and twenty-four hours afterwards a 
normal liquefaction over the entire surface was in full progiess 

Sulphuretted hydrogen was distinctly perceived by smell and proved by its action 
on lead paper on opening the flask, whilst none is noticed m cultures in air. 

Another liquefying anaerobic organism, No 2, was examined in the same way with 
a precisely similar result, i e., ho liquefaction of the gelatine took place m hydrogen, 
even after five days’ incubation, but liquefaction set in dmectly on the admission of 
air and vas in full pi ogress over the entire surface of the gelatine (showmg that the 
liquefying action was not produced by subsequent local air contammation) ni twenty- 
four hours after admission of air. In this case, after twenty-four hours’ incubation m 
hydrogen, the gelatine was riddled with small bubbles of gas, hut no putrescent smell 
or sulphuretted hydrogen was perceived on opening the flask, as was perceived with 
the last organism. 

In the case of Aerobic No. 2, the liquefying fluorescing bacillus, a several days’ 
sojourn in pure hydrogen was found not to be fatal, as liquefaction took place over the 
entire surface twenty-four hours after opening, although the gelatine had remained 
quite clear in hydrogen. Evidently the organisms had simply remained dormant 
during the continuance of these eminently adverse conditions, but still alive and 
waiting for more favourable conditions of environment m order to spring into active 
growth and multiplication. Erom this it is evident that some at least of the truly 
airoMe organisms are able to withstand complete deprivation of oxygen without at 
cnee succumbing to the adverse conditions. 

-.Again, it is shown in Table I. {Appendix) that a larger amount of oxygen is used 

fw&m t when gelatine is liquefied than when the growth takes place m 
{see Anaerobic No. 1). 
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Diminution in the Liquefying Powei aftet long-continued Cnlfuation in Xntnent 

Gelatine. 

Whether the characteristic modes of growth on nutrient gel.itiue would remain 
constant for each subsequent sub-culture of the organism was a suljjeet of expel intent. 
It was found that some at least of the liquefying bacilli lose to a certain extent their 
power of rapidly liquefying gelatine. In Anaerobic No. 2 this is moie especially 
marked, and Plate 41, figs. 10, a and h, show this very clearly Of these h is a recently 
isolated culture, whilst a represents a eultuie of the same age and incubated in the 
same gelatine side by side with h, hut from a culture which has repeatedly passed 
through the process of sub-culture. Hand-drawn records of the early cultures of a 
are found to be identical with fig. h The liquefied gelatine is uniformly turbid and 
gives a white deposit at the bottom of the liquefied portion, whilst m a the great pint 
of the liquefied gelatine remains clear, the growth collecting into little flocculent 
masses dotted here and there, whilst the liquefied portion is of much smaller extern, 
for the same age. Both cultures are three days old Aerobic No. 2 also shows this 
dimimshing power of liquefaction Plate 41, figs 11, a , h , c, d, show the xate of 
liquefaction in recently isolated cultures, whilst e and f show the greatly diminished 
rate of liquefaction of an old culture For ages see description of plates 

From these observations it is evident that slight differences in the rate of liquefac¬ 
tion or rapidity of growth which may be observed m cultures which give otheiwise 
identical microscopic and macroscopic appearances, should not be relied upon for 
assuming such differing cultures to be distinct species and naming them by different 
names accordingly. 

It would seem that the previous history and environment of the individual 
organisms which furnish pure cultures is an important factor m determining the 
precise nature of the manifestations of its growth in gelatine. 

It should he remembered also that non-liquefying organisms are liable to undergo 
changes of a similar character during extended artificial cultures on gelatine. The 
two widely differing varieties of non-liquefying fluorescing organisms described in 
this paper are evidence of such change taking place, as both forms were obtained from 
a single pure culture tube 

Resistance of Spores to Heat. 

A few drops of a broth culture of Aerobic No. 4, containing large numbers of spores, 
were sown into five broth tubes, which were afterwards plunged into water at 80°, 
85°, 90°, 95°, and 100° C. for 10 minutes. On incubating the tubes, it was found 
that the first two tubes alone developed and became crowded with the organism, 
whilst those heated to 90°, 95°, and 100° C. remained clear and limpid. This is of 
interest, as the spores of this organism are supposed to be able to withstand a 
temperature of 100° C. 

Further experiments were made by introducing 5 cub. centims, of crude sewage 

MDCCOXGI.—B. 4 N 
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into each of six sterile broth tubes, and placing three in water at 80° C for ] 0 
minutes, whilst the other three were immersed m water m a state of ebullition for 
the same length of time The first three became turbid m two days, and yielded 
three distinct species of organisms, whilst the other three lemamed perfectly clear for 
a fortnight, after which time one of the tubes developed a thin film, and afterwards 
became slightly turbid. The organism causing this was found to be in Leptothnx 
threads of extreme length , these afterwards split up into shorter spore-bearing rods 
This organism has not yet been further studied 

Method employed for Photographing Bacteria 

The authors have adopted the following method m obtaining the photo-micrographs 
which accompany this paper It is very simple, and requites no special apparatus or 
microscopic accessories. 

The arrangement of the apparatus is shown m fig 4 


Fig 4 



* The MluminoUion. 

Source of Light. —A common duplex paraffin oil lamp. 

^ €rem ’ ^ sta ^ Q employed (methyl violet) transmits actinic rays of 
light, a coloured sereen must be employed, in order to obtain actinic contrast on tbe 
sensitw pkte. The screen selected was spectroscopically adjusted to tbe stain 

8 ° agllt k** 8 to mumin4t e slide with rays which are totally 
*iw»tod by tbs stem used, aad which, where unabsorbed by stem, are sufficiently 
aatam to give a dense negate with short exposure. A weak solution of potassium 
Iwfaranate was found to ssrye the purpose admirably. The absorbent hqmd is 
m a t glass trough {% 5} interposed between the lamp and the con- 

££ h l ° f ******** Wing between two plates of 

***** ** ***** bwu pieeee of wood grooved to receive tbe plates. This 
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solution absorbs all tbe blue, indigo, and violet of the spectrum, whilst the stain employed 
absorbs all the yellow and green. The absorption spectra (fig. 6) of these solutions 
overlap, so that the stained bacteria appear Idack on a bright yellow background 


Fig. 5 



Bichromate Trough for Yellow Light 

The photographic plates employed must therefore be sensitive to yellow hght Wlth- 
out the interposition of the bichromate screen sufficient actinic hght (violet) passes 
through the stained bacteria to produce a very perceptible action on the photographic 
plate, thus “ fogging” the otherwise sharp and clear outlines of the organisms. 

Condenser —Abbe’s condenser is used, without diaphragm, and is focussed rather 
farther from the object than for ocular examination. 

Stage .—A simple clip stage was employed without mechanical accessories. 


Fig 6 

Absorption spectrum of Potassium Bichromate 



Absorption spectrum of Methyl Yiolefc 


The microscopic preparations were obtained, as a rule, from young pure cultures, 
thus securing cells full of protoplasm, which stain deeply, an essential for actinic con¬ 
trast on the photographic plate. Wherever possible cover-glass impressions were 
taken.* 

* The authors have extended this mode of preparation to liquids containing mixed or pure cultures 
with interesting results. Crude sewage, allowed to stand m a covered sterile dish, develops after a 
while a thin film consisting of various kinds of organisms often agg regated in characteristic pure 

4 H 2 






644 


SIB H. ROSCOE AND MR J LUNT ON THE 


Stain used —Methyl violet was uniformly employed, and has been found to give 
very satisfactory results m all eases In spore-bearing rods the spores are left 
unstained whilst the rods are stained violet 

Mounting medium. —Canada balsam in xylene was uniformly employed The 
objections previously entertained to this mounting medium for preparations intended 
for photography have no weight when the present method of illumination and 
staining is adopted 

Lenses —For the photographs magnified 740 diameters a Leitz’ y^-th oil immersion 
was employed. This lens is not usually supposed to be equal to photographic work, 
yet it may be made to yield very good lesults For the photographs magnified 370 
diameters a Zeiss’ D, and for 50 and 100 a Zeiss’ A were used, with the plates at 
suitable distances from the lens. 

No eyepiece was used, nor any lens m the camera, which is connected to the tube 
of the microscope by a horizontal dark box extension 

Enlargement from the original negative has been resorted to only in the case of the 
photograph (Plate 43, fig. 8) enlarged to 1500 diameters, m order the more clearly to 
show spore-formation. 

Photographic plates. —Edwards’ isochromatic plates have been used throughout 

Exposure —For the image thrown by the immersion lens the exposure is about 
lj: minutes, with correspondingly shorter exposures for Zeiss’ A and D. The photo¬ 
graphs were taken under the disadvantage of vibrations from the vehicular traffic m 
the street below interfering with the work 

Bacteriological Description oe the Anaerobic Organisms isolated, i e., those 

WHICH A R E CAPABLE OF GROWING IN COMPLETE ABSENCE OF FREE OXYGEN 

Anaerobic Organism No. 1. 

Proteus vulgaris 

This organism was isolated from sewage by a series of broth cultures in hydrogen. 
The third hydrogen flask, on examination by plate culture, gave this organism only 

Plate Cultivation. —Plate 42, fig 3, X 100 diams, 

In about twenty hours the whole surface of the gelatine plate is covered by a 
network of swarmers which branch out in all directions The film y net- lik e coating 
on the surface is too thin and transparent to yield a photograph by ordinary means, 
the curious structure of the fi lm being almost invisible to the naked eye, so recourse 
was had to the following method by which the organisms are stained on the gelatine 

colonies. To prepare the impressions a clean sterile cover glass is gently placed on tlie surface of the 
Iqaad hy sterile forceps, and withdrawn by toting np one edge to allow the water to recede without 
film is dried and stained m the usual way. Plate 43, fig, 3, shows an example of a 
i&adc isfc this mann er. A pare colony was thus obtained direct from crude sewage ! 
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plate itself The plate is first flooded with absolute alcohol, this kills the organisms 
and fixes them on the dehydrated and haidened gelatine, then an aqueous alcoholic 
solution of methyl violet is poured on for a few minutes, untd the oigarnsms are 
stained, when the staining fluid is poured off. The plate is now washed once or 
twice with water and allowed to dry spontaneously Differential staining takes 
place, the organisms stain deeply, whilst the gelatine takes but little. The plate 
which yielded the photograph is permanent, and shows the same field still, exactly 
as on the day the cultivation was made. 

In the depths the threads permeate the gelatme like gnarled rootlets and appear 
more opaque than the surface swarmers. In twenty-four hours, or less if the plate is at 
all crowded, complete liquefaction ensues The cultures have an unpleasant sickly odour 

Stab Cultivations .—Plate 41, fig 6 , (a) twenty-four hours ; ( b ) forty-eight hours, 
(c) five days old. 

The gelatine becomes liquefied over the entire surface m twenty-four hours, whilst 
little or no liquefaction has taken place in the needle track. Sometimes the needle 
track is bristling with rootlet-like projections into the solid gelatine, and shows a 
very slight incipient liquefaction at the core, and occasionally liquefaction commences 
at one or two points below the liquefied surface, these appearmg as bulbous projections 
from the central core, filled with turbid hquid having a thick deposit at the bottom 
The liquefaction proceeds rather rapidly in a horizontal direction until the whole of 
the gelatine becomes liquefied, an opaque white deposit remains at the bottom of the 
culture tube 

Broth Cultures. —A very slight and faint film at the surface 

Microscopic Characters. —Plate 42, figs. 1 and 2, X 740 diams. 

These are best studied by cover-glass impressions from plate cultures about twenty- 
hours old The periphery of the colonies (fig. l) where liquefaction has not com¬ 
menced, shows long streamers pushing forward in curious convolutions, these, later 
on, split up into short rods (fig 2), which are almost exclusively present in the 
central and older part of the colony. 

Motility .—The rods are rapidly motile 

Micrometer Readings .*—Rods about 0*6 p wide, varying from 0 4 to 0*8 p, and of 
various lengths; the short rods are 1*4 p to 4*8 p long, and all lengths above this may 
be met with in the long swarmers, which often reach 56 p in length. 

Growth in Hydrogen in Gelatine .—As before described, this organism, when sown 
in gelatine in an atmosphere of pure hydrogen, renders the medium turbid in twenty- 
four hours, hut no liquefaction whatever takes place even after five days. On opening 
the flask, sulphuretted hydrogen was detected, both by smell and by its reaction with 
lead paper Twenty-four hours after opening the flask, the normal surface liquefaction 
was in full progress, but the smell of sulphuretted hydrogen disappeared 

* The measurements were mad© with a Lem’ ^ ail immersion, kindly lent by Dr. Kliu 3, and a 
micromater, for which one division corresponded to 0*4 p. 
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Absorption of Atmospheric Oxygen —Although this organism grows well in entire 
absence of oxygon, yet the fact that rapid liquefaction of the gelatine surface exposed 
to air takes place, seems to indicate that oxygen plays an important part in such 
liquefaction, and this is found to be so on making the experiment m air m a sealed 

flask. 

A larger absorption of oxygen was found to take place in the case where gelatme 
was used than where broth alone was used. After seven days’ incubation the 


atmosphere was composed as follows — 

Gelatine 

Broth 

N . 

80 00 

80 00 

O . 

21 

8 21 

co 2 . . 

16*43 

8*21 

Oxygen absoi bed 

19*79 

11*79 


Photographic Illustrations. 

Plate cultivation, 20 hours old, surface growth stained in situ 

X 100 diams. . ... . . 

Stab cultures (1), 24 hours old, actual size 

,, JJ 5> ... * * 

„ (3), 5 days old, „ . . . . 

Photo-micrograph (1) Edge of colony, showing long rods 

X 740 diams .... 

„ „ (2) Showing short rods and two swarmers 

X 740 diams. ... 

Anaerobic Organism No. 2. 

This organism was isolated from sewage by plate culture and is usually present in 
large numbers. 

Plate Cultivation. Plate 40, fig. 1.—The colonies appear to the naked eye m twenty- 
four hours as microscopic centres of liquefaction fringed by short radiating hair-like 
projections into the non-liquefied gelatine. In two days the colonies have attained a 
diameter of 6—8 millims. and appear as liquefied circles with a grey turbidity. No 
fluorescence is developed. 

Stab Cultivations . Plate 41, figs. 7, eg b, and c, 10, a and b —These are very 
characteristic. In twenty-four hours liquefaction has commenced throughout the needle 
track, and shows a slightly wider liquefied portion at the surface In two days the 
liquefied portion becomes somewhat conical whilst an opaque white deposit collects at 
the bottom of the needle track. Fig, 7, a, shows a tube three days old, whilst b and c 
silOW the same tube at five and seven days old respectively. In about nine to ten 


Plate 42, fig 3 
Plate 41, fig 6a 
Plate 41, fig. 6b 
Plate 41, fig 6c 

Plate 42, fig 1 

Plate 42, fig 2 
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da\ s the whole of the gelatine become liquefied, leaving an opaque white deposit at 
the bottom of the tube. No film is formed at the surface Fig. 10 shows the 
diminished power of liquefaction possessed by this organism after repeated sub- 
cultivation m gelatine The two tubes wei e inoculated fiom completely liquefied 
tubes of the same age, one a recently isolated culture, the other an old culture Both 
new cultures were in tubes of the same gelatine and were incubated for three days 
side by side Fig a shows the tube from the old culture, liquefaction has not 
extended very far, the growth is of a flocculent character and a deposit has fallen to 
the bottom. Fig b, from the recent culture, shows a thickly turbid liquid, liquefaction 
has proceeded much more lapidly than m fig. a 

Broth Cultures —No film is formed at the surface 

Agar Agar —Creamy-white moist growth which does not extend far from the 
central line 

Potato —Grows well on potato, giving a brownish-white moist growth 

Microscopic Characters Plate 42, figs 4 and 5, X 740 diams—The early cultures 
of this organism showed mainly short rods with occasional very long rods (fig 4), 
In old cultures, after repeated sub-cultures m gelatine, not only does the organism 
show a diminished power of liquefying gelatine but the microscopic characters also 
become greatly changed Involution foims of all kinds appear, distinctly celled 
chains of rods of varying length and thickness, extiemely long tapering rods often 
with club-shaped ends, lods of very various lengths singly and m short chams of 
three oi more (fig. 5) 

Motility —The rods aie rapidly motile. 

Micrometer Readings .—The rods are at first from 0’4 g to 0‘6 g wide, and of 
variable length fiom bacdlo-cocci to very long rods and chains. 

Growth in Hydrogen in Gelatine —Sown m gelatine, in an atmosphere of pure 
hydrogen, the gelatine becomes turbid after twenty-four hours’ incubation, and also 
riddled with minute bubbles of gas, but no liquefaction whatever takes place even 
after five days’ incubation in hydrogen; twenty-four hours after opening the flask, 
however, the whole surface becomes liquefied under the influence of the oxygen which 
is admitted In broth, in hvdrogen, the organism grows as very short rods, scarcely 
longer than bioad No objectionable odour or sulphuretted hydrogen is perceived, 
either before or after access of air 

Absorption of Atmospheric Oxygen .—A slight absorption only takes place. After 
seven days’ incubation of 25 cub. eentims of infected broth in 250 cub. centims. of air, 
the atmosphere possessed the following composition .— 

N.80*00 

O . . .. 17*60 

CO s . . . .... 380 

Oxygen absorbed 


2*40 
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Photographic Illustrations 

Plate cultivation . 2 days old, actual size Plate 40, fig 1 

Stab cultures {rather old sub-culture) (1), 3 „ „ Plate 41, fig 7 a 

„ „ „ (2), 5 „ „ Plate 41, fig 7b 

„ , „ (3), 7 „ „ Plate 41, fig 7c 

„ „ (4), Old culture 1 , J Plate 41, fig 10a 

, „ „ (5), New culture J a, ^ S 1 Plate 41, fig 106 

Plioto-micrograph, new culture, short rods X 740 diams . Plate 42, fig 4 
,, old „ involution forms X 740 diams Plate 42, fig 5 


Anaerobic Organism No 3 
Streptococcus mirabilis 

This organism was isolated from sewage by the dilution method, and appeared 
m a broth flask, accompanied by a bacillus, from which it was separated by plate 
culture 

Plate Cult nation Plate 40, fig 2, X 50 diams—This organism grows badly in 
gelatine, and even after four days the colonies appear m the depths of the gelatine as 
mere microscopic dots or gnarled and convoluted thread-like masses Some surface 
colonies, especially in the early cultures, show an exceedingly faint and transparent 
expansion about 2 millims. m diameter, this examined microscopically with a low 
power is seen to consist of a mass of fine long threads, sometimes throwing out 
orocesses into the surrounding gelatine. These colonies aie not amenable to covei- 
glass impressions, as they obstinately refuse to leave the gelatine Pig 2 shows a 
photograph (x 50 diams) of a preparation of a colony obtained as follows —The 
gelatine plate was flooded with dilute nitric acid, which dissolved the gelatine and set 
the colony free, this was then gently floated on a cover-glass, where it was left 
stranded, the colony was then washed and dried and stained in the usual mannei 
Plate 42, fig, 8, shows a small portion of the edge of this colony X 370 diams, and 
well illustrates the loops which spring out mto the adjacent gelatine. No liquefaction 
of the gelatine takes place even m old cultivations, and growth apparently ceases 
after the first five or six days 

Streak Cultures on Gelatine Plate 41, fig. 1 —An exceedingly faint and trans¬ 
parent film, almost invisible to the naked eye, which grows for a few days, attaining 
a diameter of about 3—5 millims,, at which point further growth ceases A very 
characteristic culture is obtained in the following manner —a streak culture on 
gelatine is made, and when seven days old the tube is filled up with sterile broth, 
submerging the gelatine. The streak on the gelatine soon begins to throw out fluffy 
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loops of thieads into the biuth The figuie (fig 1) shows such a culture, grown 
seven days in gelatine, and a further seven days m the bioth. The growth stands 
out from the gelatine into the broth as a fine fluffy mass, lesembhng delicate cotton 
wool; the gelatine is shown on the right, whilst the broth on the left, abote the 
fluffy growth, lemains perfectly cleai and limpid 

Broth Cultures —These are veiv characteristic In fuitv-eight hours neailv the 
maximum giowth has taken place a fine mass resembling delicate cotton-wool rests 
at the bottom of the test-tube, or is earned upwaids in delicate festooned thieads 
by the convection cunents m the liquid. When the tube is taken out of the incu¬ 
bator, and connection cunents cease, the festooned thieads fall to the bottom, leaving 
the bioth above perfectly cleai and limpid It is a chaiactenstic of this oigamsrn, 
owing to its giowing m such mteiminably long thieads, that the bioth m which it 
grows is not lendered turbid in the least 

Agar Agar. —The giowth on this medium is veiy similar to that on gelatine, being 
a very faint slight expansion 

Potato —Inappreciable giowth 

Microscopic Charadei s Plate 42, figs 7 and S —Stieptococci m chains of extreme 
length, rarely splitting off into shoit threads, hence the non-turbidity of the bioth 
eultuies 

Motility —The organism is non-motile 

Micrometer Readings —The chains are about 0*4 y, thick, and the individual cells 
vary from 0 4 y m the single cells to about 1 2 y in the diplococel undergoing fission. 

Growth in Broth in Hydrogen —The organism grow s quite as readily m puie 
hydrogen as in air, and with the same characteristic appearance 

Absorption of A tmosphei >c O.njgen .—After seven days the absorption of oxygen is 
almost nil , and is the smallest of any result obtained. The atmospheie gave on 
analysis the following numbers *— 


N 80 00 

O . . 19 50 

CO, . . 30 

Oxygen absorbed . . *50 


Photographic Illustrations, 

Colony 7 days old, pieparation by nitric acid method described, 

X 50 diams ... . ... Plate 40, fig. 2. 

Streak culture, 7 days on gelatine and 7 days in broth . . . Plate 41, fig. 1. 

Photo-micrograph, small portion of edge of above colony, X 370 Plate 42, fig. S, 
„ „ preparation of broth culture 24 hours old, 

X 740 . . . . . . . Plate 42, fig. 7. 

4 t > 
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Anaerobic Organism No 4. 

Bacillus opalescens 

This organism was isolated from sewage direct by plate culture, it occurs plentifully 
in the sewage expeiimented with 

Plate Cultication Plate 40, fig 3 — The colonies are easily visible as small faint 
expansions after twenty-four hours’ incubation, diameter 1-2 millims In two days 
they are very characteristic, appearing as a thin opalescent film, about 8 millims. 
diameter, with an irregulai wavy edge of extieme thinness The colonies are admir¬ 
ably adapted for cover-glass impressions, the edge showiDg a smgle layer of well- 
defined rods No liquefaction takes place even in old cultuies No fluorescence is 
produced. The colonies seem to have an aversion to coalesce with each other, the 
edge of a colony near its neighbour grows less quickly, whilst the edges which have a 
free course shoot out more quickly into the unoccupied space. 

Streak Cultures .—Plate 41, fig 2, shows a streak two days old The gauzy and 
irregulai margins are well seen, the film is of an opalescent character 

Stab Cultures v—The growth is confined to the surface, which is covered completely 
in three or four days, when the growth ceases. No liquefaction whatever takes place 

Agar Agar. —A creamy white moist growdh wdnch does not extend far from the 
central line. 

Potato —Grows well on potato, giving a brownish-white slnny growth 

Microscopic Characters Plate 43, figs 1 and 2. — These are best studied by cover- 
glass impressions. The delicate edges of the colonies are seen no be termed by a 
single layer of well-defined rods of uniform length , these divide m the older stages 
into short rods, and even cocci The photographs show all the forms fiom one cover- 
glass impression. Fig. 1 shows the long rods from the edge of a colony, whilst fig 2 
shows the uppermost layer of organisms from the centre of the colony. 

Motility —This organism is motile. 

Micrometer Readings. —The long rods measure about 0*5 p wide and 4 p long, 
whilst the older forms may be cocci 0 1pm diameter. 

Growth in Hydiogen —The broth becomes turbid in twenty-four hours, but the 
growth is not so copious as in air. Afte 1 ’ a few days a white sediment falls to the 
bottom. Here the cocci forms predominate 

Absorption of Atmospheric Oxygen —The absorption of oxygen by this organism 
is not very rapid. After seven days the atmosphere possessed the following 


composition — 

N . . . 

80 0 


0 . . . 

13 3 


co 2 . . 

6 3 


Oxygen absorbed 

6 7 
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Photographic Illusti at ions 

Colonies on gelatine, two days old 
Streak cultuie on gelatine two clavs old 

Photo-mierogiaph (l) Long rods, edge of colony, X 740 diarns 
,, „ (2) Shoit tods and cocci, centre of colony, 

X 740 drnns 


AiifiiJ'vlne O/'fjnuistii Xo 5. 

Tins oiganism was isolated fiom sewage-infected broth incubated in hydiogen, by 
the method for isolating spoie-foiming organisms 

Plate Cultivation .—The colonies appear on the second day as tiny tianslueent 
droplets, they never exceed 2 to 3 millims in diametei. when fiuther giowth ceases 
Owing to its very difficult growth on gelatme this organism has not yet been com¬ 
pletely examined 

Streak Cultivation —A faint translucent and very naiiow streak, about 1-2 millims 
wide, develops after two days, but no further giowth takes place No liquefaction 
of the gelatine takes place 

Broth Cultures —These also grow badly. 

Microscopic Characters —Plate 42, fig 6, shows a cover-glass impression from an 
isolated colony. This has been so treated in the heating and washing, that only the 
fiist layer of organisms has been fixed on the covei-glass, the lowei layers, which 
would otherwise make the prepaiation quite opaque, have all been washed away fiom 
the preparation without disturbing the first layer. The wave-like arrangement of 
the rods is very marked 

Miciometer Readings .—The rods are 05 to 0 8 jx wide and 1 8 to 5 2 p long 

Plate 40, fig 5, show's this covei-glass impression view-ed in its entirety by a low 
p ow er, wdth dark ground illumination. The mottled appearance is very curious It 
is caused by the arrangement in different directions of the single layer of rods, 
whereby, m one direction, light is able to pass, whereas, in the other it is not. 


Plate 40, fig j 
Plate 41, fig 2 
Plate 43, fig 1. 

Plate 43, fig 2. 


Photographic Illustrations. 

Photo-micrographs, cover-glass impiession, three days old, dark 

ground illumination, showing mottled appearance, X 50 . Plate 40, fig. 5. 

Ditto, moie highly magnified, X 370 . * . Plate 42, fig 5. 


4 O 2 
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Bacteriological Description or Aerobic Organisms isolated, i e , those which 

ARE INCAPABLE OF GROWING EXCEPT IN PRESENCE OF FREE OXYGEN 

Aerobic Organism No 1. 

Bacillus fluoresceins non-liquefaciens (A). 

This oigamsm was isolated fiom sewage by plate culture 

Piute Cultiiation Plate 40, fig 7a —The colonies aie easily visible to the naked 
eve as small transpaient expansions on the suiface of the gelatine after twenty-four 
horns’ incubation In two days the suiface colonies have attained a diameter of 
3-3 5 nullims , the edges are very delicately thin and irregular, whilst the cential and 
older poition is thickei and of a slightly grey colour. These colonies are admirably 
adapted foi the preparation of cover-glass impressions, the margins showing a delicate 
single layer of well-defined rods. 

On the second day the colonies are sui rounded hy a broad halo of beautiful bluish- 
green fluorescence After three or four days’ incubation, softening and incipient 
liquefaction of the gelatine commences , this proceeds very slowly and not at all 
if grown at the ordinary temperature. In old cultuies the bluish-gieen fluorescence 
fades, and is replaced by a brown colour 

Streak Cultivations, Gelatine Plate 41, fig 4« —The stieak grows rapidly for two 
or three days, after which time the growth proceeds but slowly Fluorescence is very 
maiked after two days’ growth The photograph well show r s the gauzy megular 
margin of the growth and the incipient softening of the gelatine in the central 
portion. 

Broth Cultures —A slight film is formed at the surface and the bioth is tinged a 
fluorescent green. 

Agar Agar. —A greyish-white growth which does not extend fax from the cential 
line. The whole of the agar agai is tinged a fluorescent green 

Potato, —A creamy white giowth which soon turns brown, and does not extend 
over the entire surface 

Microscopic Characters, Plate 43, fig 6.—Thin motile rods, longer and slightly 
thicker in the early stages (edge of colony), than in the later ones This oigamsm 
does not form chains, and very rarely long rods, and is identical in cover-glass impres¬ 
sions with Plate 43, fig. 6. 

Motility, —The rods are motile. 

Growth in Hydrogen. —This organism refuses to grow in ail atmosphere deprived 
of oxygen 

Absorption of Atmospheric Oxygen —This organism is a greedy absorber of gaseous 
oxygen In one experiment a 25 cubic centims broth culture sealed up m 250 cubic 
centime, of air, deprived the atmosphere of all but a trace of oxygen during seven 
d&jB incubation. The analysis of the gases gave the following — 
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X . 

SO GO 

0 

14 

Co, 

. 12 04 


lu another expemneut made side by ^ide with the next-de^cuhed oigamsui the 
lesults were, for seven da vs — 


X 

* 

80 0 

0 


7 9 

CO, 

#■ * 

8 C 


The diminished rate of absorption m not easily explainable except by the fact that 
the second expeiiment was sown fiom an older and peihaps weakei culture 

Photographic Illustrations 

Plate cultivation, 2 days old, actual size 

Stieak cultivation, 3 da vs old 

Photo-micrograph, cover-glass lmpieasion, edge ot colony, 

X 740 (identical with) 

Aerobic Organism No 1a 
Bacillus fluorescens non-liquefacieus (B) 

This organism, evidently a variety of the one last described, was isolated from a 
cullute of that organism which had repeatedly passed thiough plate cultuie, and which, 
therefore, was undoubtedly pure On making a fresh plate cultivation fiom a stieak 
tube it yielded two varieties of fluorescent colonies, each of which retained its character 
in subsequent cultures The organisms are strikingly alike in then*fluoiescent powei, 
but distinct in their gelatine cultures and in mieioscopic pieparations The authois 
believe that heie some subtle change lias taken place m a portion of a puie 
culture by which the character of the organism is altered, thus giving use to two 
varieties. This variety has also been isolated diiect from sewage 

Plate Cultivation. Plate 40, fig 7b, —In two days,plates side by side with those of 
the first variety grew less quielly , the colonies not exceeding 2 milliins. m diameter; 
the outline of these is quite sharp and circular, the edges being much thicker in con¬ 
trast to the first variety with its gauzy margins and irregular outline The colonies 
aie thicker and whiter in colour, and show the same fluorescence as the first variety. 

Stieak Cultivation. Plate 41, fig. 4 b —These show a marked contrast to 4 a, as is 
seen very well in the photograph. Incipient liquefaction does not commence until 
the fifth day’s incubation, whilst in la it is present on the thud day. 

Stab Cultivations ,—The surface growth is like the colonies, a circular head : there 


Plate 40, fig 7a 
Plate 41, fig 4//. 

Plate 43, fig 6 
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is little giowth in the needle tiack; the fluorescence extends throughout the whole 
of the gelatine after about a week’s incubation 

A<jai Agar and Potatoes —Similar to the pieceding organism 
Microscopic Characters. Plate 43, fig 3—Here the difference is marked, this 
variety is encapsuled, whilst the first variety is not 

Growth itt Hydrogen. —This organism lefuses to glow m an atmospneie deprived 
of oxygen 

Absorption (>f Atmospheric Oxygen —The expenment made side by side with the 
one last named gave the following numbeis — 

X . . 80 0 

0 . . 4*9 

CO, . . 101 


Photographic Illustrations. 

Plate cultivation, *2 days old, actual size Plate 40, fig 7b 

Streak cultivation, 3 days old, actual size. Plate 41, fig 45 

Photo-micrograph, encapsuled rods direct from sewage 

(see p. 643, footnote) X 740 diams , . . Plate 43, fig 3 

It was considered desirable to expose crude sewage to a large surface of air and 
allow the natural changes to go on for some time, in order to ascertain the nature of 
the organisms which would thuve under those conditions For this puipose crude 
sewage was introduced into a sterilised and covered Petri’s dish and allowed to lemam 
for two months After this length of time cover-glass impressions and plate cultures 
were made from the liquid, when it was found that the former showed plentiful pure 
colonies of encapsuled rods. 

Plate 43, fig 3, shows a photograph of such a colony * the plate cultivations too 
yielded the non-liquefymg fluorescent colonies and encapsuled rods described above 

This organism and the preceding closely correspond to the organisms isolated by 
Dr. Klein from poisonous veal and pork. 


Aerobic Organism iVo 2 
Bacillus fluorescens liquefaciens. 

This organism was isolated fioin sewage by plate cultuie diiect, it occuis plentifully 
in sewage. 

Plate Cultivation. Plate 40, figs, 10 a and b —The colonies develop with extreme 
rapidity. In twenty-four hours they appear as slightly fluorescent liquefied circles 
2 SjmHims. in diameter, and giow so xapidly as to cover 4—5 millims m another three 
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hour? It is mteiestmg to observe that the colonies submerged m the gelatine 
appeal as meie dots diuing this estiemely rapid liquefaction taking place in the 
smface colonies, shoeing the acceleiative effects of a copious supply of oxygen A 
successful plate must contain very few colonies or complete liquefaction of the whole 
of the gelatine soon takes place 

Stnb Cult nations Plate 41, figs 11, a to cl —Thediquefaction stretches half acioss 
the surface of the gelatine m twenty-four hums, forming a cuived tuibid portion 
beneath (fig a) In twenty-seven and a half liom» the liquefaction has extended 
almost*acioss the surface, whilst the needle tiack m the depths lemains undeveloped 
(fig. b) Figs c and cl show' the further comse of the liquefaction After two 01 
three days the liquid shows a gieemsh fluorescence which becomes more marked m old 
cultures. 

Microscopic CharacttiS —Short motile rods conespondmg to Plate 42, fig 4, length 
variable, width 0 4 /x to 0 7 ji 

Absorption of Atniosphertc Oxygen .—This organism absorbs oxygen rapidly; in one 
experiment the grow r th abstiacted nearly all the oxygen in three days, and in another 
of seven days’ incubation the merest tiace of oxygen was found In a later series of 
experiments, hcw'ever, the absorption was not so rapid The following are the 
numbeis obtained — 



(1) 

(2) 

(3) 

0) 


3 days 

7 days. 

3 days. 

7 days 

N 

80 0 

80 0 

80-0 

80 0 

0 

1 0 

o-o 

12 8 

4'6 

CO. . . 

10 7 

12 7 

5-4 

11 4 


Growth in Hydrogen —No growth takes place in gelatine, nevertheless, the 
organisms retain their vitality for some days at least, and normal liquefaction 
proceeds on admitting air to the flask. 


Photographic Illustrations. 


Plate cultivations, 24 hours old, actual size 

Plate 40, fig. 10a 

,i 27 

3 * 

Plate 40, fig. 106 

Stab cultivations, 24 

* * * 

, Plate 41, fig. 11a 

071 

3? ^ '3 

, . 

fig. 116 

„ 48 ,, 

33 * * 

fig. lie 

,, 4 days old 

33 * 

fig. 11c? 


„ old cultures, 3 days old. fig. 1 le 

3} 13 7 ,, ... fig. 11 f 

Photo-micrograpb X 740 diams. (identical with) . Plato 42, fig. 4 
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Aerobic Organism N'o. 3. 

Bacillus subtilis 

This organism "was isolated fiom sewage by the method described foi isolating spoie- 
forming org an isms A broth tube containing 2 cubic centims of ciude sewage was placed 
m water at 80° C tor ten minutes, and incubated for two days After this penod 
of incubation thebioth swarmed with this oigamsm, which was obtained m the pure 
state fiom this mateiialby plate cultivation 

Plate Cultivation Plate 40, % 9 —The colonies begin to appear as liquefying dots 
in twenty-four houis , on the second day the surface colonies have attained a diameter 
of 14—16 millims They appear as liquefied circles, coveied m the central portion by a 
more oi less perfect film. Microscopically, the edges of the colonies exhibit short 
streamer-like pi ejections into the non-liquefied gelatine, and the colony appeals 
crowded with daik dots, which vanish and reappear, probably due to the rods 
presenting an end and side view alternately whilst moving about m the liquid No 
objectionable odour is perceived. 

Stab Cultivations Plate 41, fig 8, a and b —The liquefaction of the gelatine begins 
as a hemispherical turbid portion at the point of entrance of the needle Pig 8a 
shows a tube twenty-four hours old. On the second day, the liquefaction extends 
across the tube and for several millimetres downwards, whilst the needle track below 
has become liquefied and has widened out A white firm film is foimed on the 
surface consisting of matted threads of the organism m a non-motile condition After 
about seven days this film is ciowded with spores. 

The whole of the gelatine becomes liquefied after 7-10 days when a somewdiat 
flocculent deposit is formed at the bottom of the tube, whilst the hquid beneath the 
film becomes comparatively clear. 

Broth Cultures .—In these a firm film forms on the surface m three or four days, 
and this falls to the bottom when shaken. 

Microscopic Ghaiacters Plate 43, figs 7 and 8.—Bacdli singly in twos,.threes, 
and short chains, which sometimes may consist of more than a dozen elements Fig. 7 
is a photograph of a cover-glass impression, from the fourteen days old broth which 
had been poured out into a sterile dish, from the sealed flask used for the determina¬ 
tion of the absorption of oxygen. The preparation was made the day after pouring 
into the dish, and curiously enough shows mainly long chains. The short chains, 
however, consisting of but two or three elements, are more characteristic of the gela¬ 
tine cultures. Spore formation is observed after seven days’ incubation, and Plate 43, 
fig. 8, shows an enlargement X 1500 diameters, taken from a photogiaph X 740 dia¬ 
meters. The spores were not stained in the preparation, and come out white m the 
photograph. 

Motility. In the fresh state the rods are motile, whilst the zooglea film is a mass 
of interlacing non-motile rods, which soon forms spores. 
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Micrometer Rending ?—Hods 0‘5 p to 1 p wide and 3 /jt. to 5 p Ion" The c noies 
measme about 0 S /x vide and 12 p long, and are often thicker than the rod 6 - bearing 
them 

Giouth ni Hydrogen —No development takes place, hut a fouiteen day-7 depriva¬ 
tion of oxygen was found not to be fatal, as on the second day aftei opening to the 
air the liquid swarmed with the rapidly inutile rods. 

Absorption of Atmospheric Oxygen —Rapid absorption of oxygen takes place 
After seven days and fouiteen days respectively, two experiments gave .— 


Seven days. 


Fourteen days 


N . . 

SO 0 

N 

SO 0 

O . 

9 0 

O 

0 8 

co : 

8 8 

co 2 

14 1 

Oxygen absorbed 

11 n 

Oxvgen absoibed 

«. o 

10 2 


Resistance of the Spoi es to Heat —From a completely liquefied gelatine tube, crowded 
with spores, sowings weie made m five tubes of sterile broth, and the tubes after- 
vauls placed for ten minutes in water at 80°, 85°, 90°. 95°, and I00 c 0 , lespeetively 
They were then allowed to cool and placed in the incubator After two days, the 80° 
and 85° tubes became turbid, and afterwards developed the characteristic film and 
rods of the organism. Spoi e-formation also took place. The 90°, 95°, and 100° C 
tubes all remamed perfectly clear and limpid. 

Photographic Illustrations. 

Plate cultivation, 2 days old, actual size . . . 

Stab cultures, 24 hours old „ . . 

2 days „ .... 

Photo-miciographs, Lcptotht ix threads, X 710 diams 

Enlargement, spore-bearing rods, X 1500 diams. 

Aerobic Organism No 4 
Bacillus violaceus. 

This organism was isolated from sewage by plate cultivation 

Plate Cultivations Plate 40, fig. 8.—The colonies closely resemble those of Anaerobic 
Organism No. 4 They grow, however, rather more slowly, and the films are thicker 
and more opaque, and the edges are not so delicate After five or six days' growth 
the colonies assume a deep violet colour, and in this manner they are sharply dis¬ 
tinguished from the organism mentioned. 

Streak Culture, Plate 41, fig 3.—The photograph shows the appearance of a streak 

MPCCC£CI.—B. 4 P 


Plate 40, fig. 9 
Plate 41, fig 8n 
Plate 41, fig. 8 b 
Plate 48, fig 7 
Plate 43. fig 8 

o 
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culture, three clays old; in tins, the violet colour has not yet appeared, but the growth 
is yellowish-white After five or sis days the colour begins to turn violet, and soon 
afterwards licpiefaction of the gelatine sets m, and ultimately involves the whole of 
the gelatine, whilst a rather thick deposit of a dirty violet colour collects at the 
bottom of the tube 

Broth Cultures —A thick film of a dirty violet coloui is formed, whilst the liquid is 
coloured brown. 

Agar Agar —A grey-white moist growth, which gradually assumes a bluish-violet 
colour, which is especially marked at the surface of the liquid collected at the bottom 
of the tube. The deposit at the bottom of the liquid is white. 

Potato. —A thick moist brown expansion with old cultivation. 

Microscopic Characters Plate 43, fig 6.—Bacilli corresponding microscopically to 
Aerobic No 1. Fig 6 is from a photograph of a cover-glass impression showmg the 
edge of a colony 

Motility .—The organism examined in the living state is motile 

Growth in Hydrogen. —No growth takes place 

Absorption of Oxygen. —Like all the film-forming organisms, this absorbs oxygen 
rapidly. After seven days the atmosphere was almost deprived of oxygen. 


N . . 80 00 

0 . . 14 

CO, . 12*06 

Oxygen absorbed . 19 86 


Photographic Illustrations 

Plate cultivation, 2 days old, actual size . . . 

StreaJk cultivation, 3 days old, actual size . . . 

Photo-micrograph, edge of colony, X 740 diams 

Aerobic Organism No 5. 

Streptococcus urese 

This organism was isolated from sewage direct by plate culture 

Plate Cultivation. Plate 40, fig. 6.—The colonies begin to appear on the second day 
as minute dots, on the third day the surface colonies have acquired a diameter of 
2 milhms., and on the fifth day (fig. 6) the increase is only to 3 millims., from this 
point the growth proceeds very slowly. No liquefaction takes place even m old cultures 
In contour the colonies are well-defined circles, and appear as shining drops of wax of 
an opaque yellowish-white colour. 

£$re(tk Cultivations, Plate 41, fig. 5, shows a cultivation three days old. After this 


Plate 40, fig 8 
Plate 41, fig. 3 
Plate 43, fig. 6. 
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point the fuither giowth takes place veij slowly, giving a straight waxy streak No 
liquefaction ever takes place 

Stub Cultures —A well-defined circular head, corresponding to the appeaiance on 
plates, develops at the point of entrance of the needle Little growth is noticed in the 
needle track. 

Agar Agar —A giey-white moist growth, which does not extend far fiom the 
cential line 

Potato —A creamy-yellow thick growth. 

J Iicroscopic Characters. Plate 43, fag 4 —This organism is apparently a strepto¬ 
coccus. growing in short chains, and m ones and twos. The preparation is fiom a 
young and vigorously grooving cultivation, and shows all the transition stages from the 
true streptococci through chains of oval and then bacilli-like cells, which subsequently 
split off into cocci 

Motility —This organism is non-motile 

Micrometer Readings —The cells aie 0 8 ft to 1 2 g wide, and 0 8 fi to 2 4 ft long, 
according to stage 

Growth in Hydrogen —No growth was observed 

Absorption of Atmosphei ic Oxygen —The growth in bioth is not so rapid and the 
turbidity not so dense as in the case of other organisms, and the absorption of oxygen 
takes place but slowly After seven days the atmosphere was composed as follows:— 

N 80 0 

0 . . . 14 0 

C0 2 3 6 

Oxygen absorbed . 6 0 

Photographic Illustiations. 

Plate cultivation, 5 days old, actual size. . . . Plate 40, fig 6. 

Streak cultivation, 3 days old, actual size . . Plate 41, fig 5 

Photo-micrograph, showing all the transition stages in 

streptococci, X 740 diams .... . Plate 43, fig 4. 

Aerobic Oiganism Mo. 6, 

Micrococcus 

This organism was isolated by plate cultivation from sewage direct. It is interesting 
to note that it is the only mici*ocoecus met with. 

Plate Cultivation. Plate 40, fig. 4.—This organism grows very slowly, the colonies 
appearing as minute dots on the second day. The first crowded plate is viscid and 
possesses a sickly odour. On the fifth day the colonies have only advanced to 
2 millims diameter. Microscopically, the colonies appear as dark well-defined spheres. 
Incipient liquefaction commences about the fifth day and proceeds but slowly, the 

4 p 2 
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gelatine onlv becomes viscid and not leally liquid The colour of the giowth is a pale 
yellowish-brown 

Stab Cult nation* Plate 41, figs 9, a and b —There is but little growth m three 
days, when a slight viscid depression is foimed at the entrance of the needle, but 
little growth takes place m the needle track The photographs show stab cultivations 

seven and fourteen days old respectively 

Agar Agar .—A slight yellow growth, showing a tendency to collect m dioplets 
Potato —A veiy poor growth of a diy yellow crumpled nature 

Miuosioptc Characters.—Coed 0 5 p to 0 8 fi diam , which exhibit only the usual 
vibratory movements 

Absorption of Atmospheric Oxygen —The absoiption is very slow, corresponding to 
that given by Anaerobic No 2 After seven days’ incubation the results were 

X 80 0 

0 • 17 6 

CO : 5^ 

Oxygen absorbed . . 2 4 

Photographic Illustrations 

Plate cultivation, 5 days old, actual size 
Stab cultivations, 7 ,, „ 

«. 11 . J .1 

Resume 

Of the twelve organisms studied, five are capable of gi owing m complete absence 
of free oxygen, whilst to the other seven free oxygen is a necessity 

Of the five oigamsms which can grow without free oxygen, one only, the first one, 
shows a vigorous absorption of this gas, and this is the one which gives use to 
offensive decomposition of the nutrient material 

Of the seven organisms to which fiee oxygen is a necessity, five are rapid absorbers 
of that gas, and all of them form films of a more or less marked character when 
cultivated in nutrient broth, and it would seem that the chemical signification of such 
film-forming at the surface, is, that the organisms requne and absorb a large amount 
of free oxygen These organisms therefore may be regarded as a means of slow 
combustion and destruction of the organic matter of sewage. 

The other two organisms which do not form films absorb oxygen much less rapidly 
Of the twelve organisms, four rapidly liquefy gelatine, and of these two are 
anaerobic and two aerobic. Pour liquefy gelatine slightly after lapse of several days’ 
cultivation. These are all aerobic The remaining four do not liquefy the gelatine at 
afl, even in old cultivations. Nine of the organisms belong to the class of Bacilli, 
whilst two are Streptococci and one a Micrococcus. 


Plate 40, fig 4 
Plate 41, fig 9a 
Plate 41, fig 9 b 
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Appendix. 

Table I —Showing the Absoiption of Oxygen from the Atmospheie of Sealed Flasks 
(fig 2), containing 25 cub centims of Nutrient Bioth, and 2o0 cub ceutims of 
Am, and sown with Traces of Pure Cultures of the Organisms Temperature of 
Incubation, 20 c -23° C 


A Anaerobic Oigauisms 


t 

1 

] Organism 

f 

i .. 


No 1 
(Bioth ) 

! 

No 1 

(i Gelatin? ) 

No 2 

No 3* 

1 

I 

! 

No 4 i 

t 

Duration of incubation 

i Composition of lesidual 
atmospheie 

{S 

Leo, 

7 days 

S'J do 

8 21 

8 21 

7 days 

SO do 

21 

16 43 

7 days 

80 0 

176 

3 8 

7 days 

80 0 

19 5 

O 

' ~. 1 1 

7 days i 
80 0 

13 3 

0 3 j 

i 

i 

j Oxygen abaoibed pei S 
nitrogen 

t 

1 

3 parts 

1180 

*[ 

19 70 

24 

1 

1 

, 05 

1 

1 

1 

1 6 7 ! 


B. Aciobic Organism * 


Organism j 

L 

No 1 

No. 1 

i 

I 

j No lA 

, No 2 

l 

1 No 2 

1 

No 2 

No 2 , 

Duration of incubation 

f N 

Composition of le- 1 A i 
sidual atmosphere J qq 

1 

1 

7 days 

so od ! 

14 1 

12 04 

7 days 

80 0 

79 J 
86 

■ 

; 7 days 
! 80 0 

4 9 

, 101 

3 days 
80 0 
' 10 

10 7 

7 da^ s 
8o b ! 

trace 

12 7 i 

i ' 

o day s 
800 

12 8 

5 4 

1 

7 davs 

SO 0 

46 

114 . 

i 1 

I 

i 

( 

Oxygen absoibed per 80 i 
paits nitiogen 

19 86 

12 1 

! 

1 

j 151 

H 

' 

l 

19 0 

1 i 

20 0 

72 

I 

154 ' 


Organism 

I 

1 

1 

! 

No 3 

CO 

o 

No 4 ! 

i 

No 5 

No 6 

i 

Duration of incubation 

Composition of residual J 
atmosphere , 

1 _ .. 

i 

f N i 
0 

[co. 

7 days 

80 0 

9 0 

88 

\ \ 

, 14 davs 

1 80 0* 

8 

141 

i _ ! 

7 days 

80 do 

14 

12 06 

7 davs 

80 0 

140 

36 

1 ' 

I 7 dais 

800 

' 17 6 

5 8 

i 

1 ! 

Oxygen absorbed per 80 parts j 
nitrogen j 

no 

i i 

1 ! 

! 192 ; 

i i 

19 86 

) 

j 6*0 

i 

1 

1 

i 

! 1 

I 


* This result may be taken as a blank experiment to show that no appreciable absorption takes place 
with pure broth and air when sterile 
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Table II.—Showing the Absorption of Dissolved Oxygen from Sterilised Tap Water 
containing a definite amount of Free Oxygen m solution, after sowing with 1 per 
cent, of a two days old Bioth Cultivation, and mcubatmg for a definite time 
Temperatme of Incubation, 21-23° C 

Anaerobic Organisms . 


Organism 

Ro 3 

Ro 4 

Blank expt 

Ougmal volume of oxygen 
dissolved 

j 6 04 

— 

' 6 04 

6 04 

Residual oxygen 

4 70 

12 

5 10 

Oxygen absorbed 

1 34 

5 92 

94 

Duration of incubation 

14 hours 

1 

14 horn s 

14 hours 


Aerobic Organisms 


1 

Organism . ' Ro 1 ! Ro 1 a 

1 1 

—---—— -- 

CM 

O 

Ro 3 

Ro 4 

1 - 

5 ' | 

Original volume of oxygen 

dissolved " 1 6 04 b 04 

Residual oxygen 05 07 

Oxygen absoibed 5 99 | 5 97 

’ Duration of incubation 14 horns i 14houis 

: 1 

6 04 

15 

5 89 

14 hours 

6 04 

51 

5 53 

14 houis 

6 04 

5 60 

44 

3 hours 


1 

j Organism Ro 4 Ro 4 

Ro 5* 

Ro 6 

Ro 6 

Original volume of oxygen ' ' 

dissolved . . 6 04 j 6 04 

Residual oxygen [ 20 07 

Oxygen absorbed J 5 g 4 ! 597 

Duration of incubation 21 horn’s | 14 hours 

6 04 

20 

5 84 

14 hours 

6 04 

4 00 

2 04 

14 houis 

6 04 

132 

4 72 

42 houis 

Preparation or Sterile Gelatine Tubes and Method of Plate 

Culture 


USED. 


. - S£ ? tlle “ e *, hod of Pupating sterile gelatine tubes used by the authors is somewhat 
Bimpler and shorter than that usually adopted, the details are here appended 

(1) Phe test tubes, 5 or 6 inches X £ are first washed and set up on end to drain 
and then heated to 150° for an hour in the stenliser. 

(2) Pure cotton-wool is placed in a steam steriliser and subjected to a cunent of 


Four days old broth (slow-growing organism) 




CHEMICAL BACTERIOLOGY OF SEWAGE 


660 


wet steam for two Hours, and afterwards diied m the hot o>r steriliser bv heating to 
150° C for half an hour This method of sterilising the wool is to be piefeired to 
the usual one of heating m the hot air steriliser for several horns on seveial successive 
days, not only on account of the saving m time, but also because it gives a whitei 
wool without brittle and partly charred threads. The treatment is quite effective, 
steam at 100° C being a better germicide than hot dry air at the same tempeiatuie 
By this method sterile plugged tubes can be piepared in one day instead of lequuing 
several days 

(3) The sterile tubes are now plugged in the usual way, using clean fingers to 
manipulate the wool. When about half a gross of tubes aie thus plugged they aie 
again placed m the hot air steriliser and laised to 150' 0. for an hour. 

Preparation of Sterile Nutrient Gelatine —One pound of lean beef free from fat is 
finely minced and placed m a large beaker with clock glass cover A litre of tap 
water is poured over the mass and the whole placed in the steam sterihsei for one 
and a half hour, stirring the mass to mix thoroughly after the first half hour After 
one and a half hour’s steaming the liquid is filteied into another large beaker con¬ 
taining— 

100 grins, of gelatine 
10 grms. of peptone. 

5 gims of salt 

The hot filtrate quickly dissolves the gelatine, and the mass should be stirred until 
the sheets are broken up and dissolved. The mixture is now placed in the steam 
steriliser for half an hour, neutralised with potassium carbonate, and replaced in the 
steriliser for another hour The tuibid fluid is now filtered into a large flask without 
any sterilising precautions whatever, and distributed in the usual manner to the 
sterile plugged tubes. The half gross of plugged and filled tubes are now placed 
together in a potato steamer and steamed for fifteen minutes. Steaming is repeated 
on the second and third day for ten minutes each day. 

The authors find this treatment quite effective, the tubes obtained never show the 
least growth on keeping. Out of many hundreds of tubes only two have shown any 
growth, and both, on examination, proved to be cracked tubes, and probably the cold 
water hath, in which the tubes are placed to set, introduced organisms through the 
crack 

Before opening the tubes the tuft of wool was uniformly singed to bum up the dust 
and germs which might have fallen on the outside. 

Preparation of Sterile Peptone Btotk .—Bor this the 100 grms. of gelatine is 
omitted, otherwise exactly the same method is used 

Preparation of Sterile Agar Agar .—For the 100 grms. of gelatine 20 grms of 
agar agar are employed 

Plate Cultivations —Shallow covered glass dishes about a decimetre in diameter 
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and 15 millims. deep (known as Petri’s dishes) were uniformly used These are much, 
more simple to work with and give less contamination from the air than the original 
glass plate and hell-jar method Three plates were poured for each cultivation, 
containing successively smaller amounts of matenal, so as to ensure a good plate 
In isolating organisms from sewage a second series of plates was always made to 
ensure perfect purity, the fiist apparently pure colony often covering a less conspicuous 
one 
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Pl&te II Skeleton maps of the impres31cns in Plate I, showing the 
places ’where ridges beg^ through bifurcation or independently 
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PLATE 40. 


Pure Gelatine Plate Cultivations. Temperature oe Incubation, 20—23° C 

These figures are mainly intended as a photographic record of the relative rapidity 
of growth of the several organisms, and the widely differing ages of the cultures 
should be noted when comparing the figures, e.g>, fig 6 is a plate culture five days 
old, whilst fig. 9 is hut two days old 

Fig. 1. Anaerobic Ho. 2, turbid liquefied circles, 2 days old (actual size). 

Fig. % Anaerobic Ho. 3, dry colony on gelatine, 7 days old, X 50. 

Kg. 3. Anaerobic Ha 4, filmy opalescent expansions, 2 days old (actual size) 

Kg. 4 Anaerobic Ho. 6, non-liquefied circular colonies, 5 days old (actual size). 

Kg. 5. Anaerobic Ho. 5, C.G.L dark ground illumination, 3 days old, X 50 
Fig. 6. Aerobic No. 5, wax drop colonies, 5 days old (actual size). 

Fag* 7a. Aerobic Ho. 1, non-liquefied colonies, 2 days old (actual size) 

Kg. 7b. Aerobic Ho. 1% non-hquefied colonies, 2 days old (actual size) 

' 8. Aerobic Ho. 4, non-liquefied colonies, 2 days old (actual size) 

Kg* 9. Aerobic Ha 3, liquefied colonies, 2 days old (actual size). 

'IttJL Aerobic No. % liquefied colonies, 24 hours old (actual size). 

M HHk Aifeobic Ho. liquefied colonic, 27 hours old (actual size). 


















PLATE 41 


Pure Gelatine Streak and Stab Cultivations. Temperature of 

Incubation, 20-23° C 

These figures not only show the relative rapidity of growth, hut also the charac 
teristic manner of growth in gelatine 


Streak Cultures on Gelatine (All actual size.) 

Fig. 1. Anaerobic No. 3, 7 days on gelatine and 7 days in broth. 
Fig. 2. Anaerobic No 4, 2 days old 
Fig. 3 Aerobic No. 4, 3 days old. 

Fig. 4a Aerobic No 1, 3 days old. 

Kg. 4 b. Aerobic No. la, 3 days old. 

Fig. 5. Aerobic No. 5, 3 days old. 

Stab Cultures m Gelatine . (All actual size. 

Fig. 6a. Anaerobic No 1, 24 hours old. 

Fig. 6b. Anaerobic No. 1, 48 hours old. 

Kg. 6c. Anaerobic No. 1, 5 days old. 

Kg. tJL, Anaerobic No. 2, 3 days old. 
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PLATE 42. 

Photo-micrographs. 

Fig, 1. Anaerobic No 1, cover-glass impression, gelatine plate 20 hours old, 

edge of colony, long rods...X 740 

Fig, 2. Anaerobic No. 1, cover-glass impression showing short rods and 

swarmers. .... X 740 

Fig. 3. Anaerobic No. 1, surface growth on gelatine plate, 20 hours old 

(from the stained plate direct). . . . . X 100 

Fig. 4, Anaerobic No. 2, short rods. . X 740 

Fig. 5, Anaerobic No. 2, involution forms ... . . . . X 740 

F%, 6. Anaerobic No. 5, cover-glass impression, colony 3 days old, single 

layem of rods only fixed and stained, showing wave-like arrangement X 370 

SSjr|* Ana&cobie No. 3, broth culture, 24 hours old. . . X 740 

No. 3, edge of colony on gelatine plate, 7 days old, nitric 
method . . 


X 370 
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PLATE 43. 


Fig. 1, Anaerobic, No. 4, cover-glass impression, edge of colony showing 

v * long rods ....... .. , . . . 

Stg$k A Anaerobic No. 4, same impression, centre of colony showing short 
rods said cocci. . .... 


ASrobie No. la, encapsuled rods, pure colony from the surface of 


tf 



1%*4 ASrotae No. 5, from colony on gelatine plate 4 days old, showing all 

the transition ferns.... 

Eig. & A&obic Na. 6, micrococci, from gelatine culture .... 

Arabic'Noi 4 cover-glass impression, edge of colony . . . . 

% cover-glass impression, surface of broth , . . . . 

showing group of spore bearing rods 


X 740 

X 740 

X 740 

X 740 
X 740 
X 740 
X 7tT 
X 150® 








